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during normal service is now controlled from a separate con¬ 
trol room where the measuring instruments are also mounted. 
The switchboard or switch desk provided in this control room 
permits of the regulation of the pressure of generator and 
of the speed of turbine; it also indicates which machines and 
feeders are in circuit and gives the busbar pressure and fre¬ 
quency. Furthermore, provision is made for signalling devices 
which come into play when the circuit breakers are tripped 
automatically. The duties of the switchboard attendant are thus 
greatly simplified, insofar as normal operation is concerned. 

(1) Generator 6000 volts. (2) 

Exciter. (3) Transformer 6000/ 

60000 volts. (4) Differential re¬ 
lay. (5) Potential transformer. 

(6) Current transformers. (7) 

Drop shutter relay. (8) Circuit 
of miniature switches. (9) Cir¬ 
cuit of pilot lamps. (10) Isolat¬ 
ing: switch. (11) Pilot lamp. (12) 

Automatic oil immersed circuit 
breaker. (13) Contactor. (14) 

Coils. (16) Synchronising- bus¬ 
bars. (17) Auxiliary busbars. 

(18) Main busbars. (20) Over¬ 
load relay. (21) Alarm bell. (22) 

Feeder. (23) Main regulator. 

(23a) Pilot lamps for end po¬ 
sition. (24) Field switch. (25) 

Tirrill regulator. (26) Push but¬ 
ton switch. (27) Change-over 
switch. (28) Shunt circuit. (29) 

-(30) “Closed” —“Open”. (31) 

Speed control. (32)—(33) “Rai¬ 
se”—“Lower”. (34) Synchron¬ 
ising plugs. (35) Main busbar 
circuit breaker. (37) Pressure 
control. (38) Auxiliary busbars 
for exciter. (39) Busbars for 
control circuits. (40) Measuring 
instruments. 

As soon, however, as operations have to be carried "out 
which do not form part of the ordinary routine, their per¬ 
formance is no longer so easy: this is, in particular, the case 
when the isolating switches have to be operaied in the switch 
house, a contingency which arises, for instance, when indivi¬ 
dual sets have to be changed over from one busbar system 
to another, or cut off from the busbars or from a certain 
section of the distribution network. Under such conditions, 
it is difficult to get a full grasp of the mode of connection 
of the various busbar systems, etc., and, even though the gear 
may be numbered, frequent disturbances in service may re¬ 
sult from errors in switching. When, for instance, the super¬ 
vising engineer or the relieving switchboard attendant coming 
on duty wishes to make himself acquainted with the way in 
which the various sections of the network are connected, he 
is obliged to go through the whole switch house and get this 
information with the help of the diagram of connections. 

Such were the considerations that led to the idea of pro¬ 
viding, in the control room, a simplified diagram of connect¬ 


ions, known as a ’’mimic busbar system", where signalling 
devices indicate automatically which of the different switches 
and circuit breakers are ”on“ or ”off“. Various types of mimic 
busbar systems have been devised. One design has recourse 
to the use of green and red lamps for indicating whether the 
switches or circuit breakers are open or closed. The clear¬ 
ness of such a mimic busbar system is, however, somewhat 
impaired by the many lamps alight, as the latter have a rather 
disturbing effect. A more satisfactory design is that where 
magnetically operated position indicators are utilised for 


showing whether the gear they correspond to is open or 
closed. All these types of mimic busbar systems, however, 
only serve to give a representation of the conditions of oper¬ 
ation at the time, and cannot be used for controlling the 
switching process. 

The design of mimic busbar systems evolved by the 
Oerlikon Company differs from those mentioned above in 
that it provides a means of controlling the switching process 
itself. With the arrangement in question, it is possible to 
direct from the control room such operations as the changing 
over of a set from one bushar system to another, for instance, 
as a pilot lamp becomes alight, both on the switch and on 
the mimic busbar system, whenever an alteration in connect¬ 
ions is made, either in the switch house or in the control 
room. Changes in connections can thus first be considered 
on the mimic busbar system; once they have been found cor¬ 
rect, the gear itself can be operated in the switch house. The 
fact that the apparatus in question will be indicated by a light¬ 
ed lamp, eliminates all possibility of a switching error. The 



Fig. 2. Arrangement of mimic busbar system, such as adopted for control panels at the Genneviliiers power station. 
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mimic busbar system thus provides a means not only of vided on the corresponding apparatus in the switch house, the 
checking the connections but also of ensuring that the switch- mode of connection being such that both lamps are out when 
ing operations are correctly carried out; this is a great ad- the miniature switch and the apparatus it represents are in 
vantage specially in the case of disturbances in ihe system the same position. As soon, however, as the position of the 
when the staff may be somewhat pressed. The following are gear in the switch house, which may be actuated by hand 
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Fig. 3. Diagram showing the connections be¬ 
tween the miniature switches and pilot tamps, 
on the mimic busbar system (right), and the 
auxiliary contacts and pilot lamps, on the gear 
itself in the switch house (left). 


a few particulars regarding the arrangement of the mimic 
busbar system and the manner in which it is used. 

The mimic busbar system is disposed on the switch desk 
or switchboard of the installation or in the office of the su¬ 
pervising engineer. Each isolating switch or circuit breaker 
is indicated by a miniature switch with pilot lamp, arranged 
in series with the auxiliary contacts and the pilot lamp pro- 


or by push button, is no longer the same as that of the cor¬ 
responding miniature switch on the mimic busbar system, 
both pilot lamps become alight. If the apparatus in question 
is now operated, both lamps will be extinguished; this will 
be an indication that the gear in the switch house and the 
miniature switch on the mimic busbar system are in the same 
position* 
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With this design of mi¬ 
mic busbar systems, the su¬ 
pervising engineer can ob¬ 
tain a full grasp of the mode 
of connection of the whole 
installation; nothing can es¬ 
cape him. Any change in the 
working conditions is imme¬ 
diately brought to his notice 
through a lamp becoming 
alight at the corresponding 
point of the mimic busbar 
system, so that he can, while 
remainingin thecontrol room, 
take the necessary measures 
to meet the case. Such an in¬ 
stallation can be operated in 
either of the following ways:— 


system is disposed on the switch desk or 
switchboard. The attendant alters then the 
connections on the mimic busbar system, 
before he operates the gear itself. With this 
arrangement, the push buttons for controlling 
the circuit breakers are fitted next to the 
miniature switches. 

Figs. 2 and 3 represent the mimic busbar 
system designed for generator and feeder 
panels at the large Gennevilliers power station 
near Paris. Fig. 2 shows the actual arran¬ 
gement on the switchboard, while Fig. 3 gives 
the connections between the miniature switches 
and pilot lamps, on the mimic busbar system, 
and the auxiliary contacts and pilot lamps, on 
the gear itself in the switch house. In order to 
‘ render the mimic busbar system clearer, the 
miniature switches and the pilot lamps are 
combined together. 

As the pilot lamps are 
not alight during normal ser¬ 
vice, they have a very long 
life. On theother hand,should 
either of the pilot lamps of 
an apparatus fail, for any 
reason, the fault will be de¬ 
tected immediately the gear 
has to be operated again, as 
its two pilot lamps will not 
become alight; this will in¬ 
dicate that one of the two 
lamps is out of service and 
will permit of its rapid re¬ 
placement. Figs. 4 to 6 are dif¬ 
ferent views of a switch desk 
with mimic busbar system, 
for the control of generators. 
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1) The supervising en¬ 
gineer may be responsible for all the switch¬ 
ing operations outside the ordinary routine. 
In this case, the mimic busbar system is ar¬ 
ranged in his own office; the necessary 
changes of connections will be made by him 
there, and the switchboard attendant will be 
instructed to switch on or off the gear on 
which the pilot lamp has become alight. Im¬ 
mediately the attendant has carried out the 
necessary operation, the pilot lamp on the 
mimic busbar system will go out, this being 
an indication for the supervising engineer 
that the apparatus in question is in the cor¬ 
rect position. 

2) The switchboard attendant may have 
to carry out all switching operations, whether 
they are part of the ordinary routine work 
or not. In such a case, the mimic busbar 


Figv 4—6. Views of switch desk with mimic busbar system. 
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Improvements in the Process of Purifying Insulating Oils. By Dr. Boiler. 

See also article under the same heading in the Bulletin de i’Association Suisse des Electriciens, No. 4,1925. 

Users of insulating oils have, for a long time, felt a need For several years, attempts have been made, in many 
for a method of purifying oil, such as would permit of the quarters, to purify oil by subjecting it to centrifugal action in 
rapid and thorough treatment of oil, without affecting its pro- special separators. The design of this class of plant has been 
perties. Up to now, it. was the practice to remove the solid par- so improved that efficient separators can now be had, which 
tides in the oil by means of a filter press, and the water by are capable of purifying the oil to a very considerable extent, 
heating the oil to a temperature of 212 to 230° F. These in the shortest time. As the tests carried out by the Associa- 
methods, however, meet only partially the requirements. It tion Suisse des Electriciens had demonstrated the praclica- 
is, no doubt, possible through the mere process of filtering bility of this process*) the Oerlikon Company decided to 
the oil to remove not only the finest solid particles, but also introduce it in their Works. The separators used are De Laval 

centrifugal purifiers with a 
delivery of 88 galls, per hour 
and 220—264galls, per hour, 
respectively. 

For the purpose of com¬ 
paring the filter press me¬ 
thod with the centrifugal pro¬ 
cess, 1 1-gallon samples were 
drawn from a large volume of 
ordinary commercial trans¬ 
former oil and tested as fol¬ 
lows :— 

a) in original slate. 

b) after being treated once 
in the separator. 

c) after being treated twice 
in the separator. 

d) after being filtered once. 

e) after being filtered twice. 
For the centrifugal treat¬ 
ment, use was made of the 

' separator rated for 88 galls. 

per hour, the plant being ad- 
I . justed, in the case of both b) 
and c), for 66 galls.per hour. 
For the filtering process, a 
standard filterpress rated for 

220 galls, per hour was uti- 

: - 

*) Bulletin de l’Association Suisse 
d?s Electriciens, No.6, 1924, p. 297. 
on pages 239/240. 


Lien a way. New drying-out installation for transformers, 

in the erection shop of the Oerlikon Company. See notes on “Drying-out of transformers' 
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Used, this plant being also adjusted, in the case of both d) 
and e) for 66 galls, per hour. 

The oil, in its original state, was fairly dry. In order to 
be able to form an opinion as to the efficacity of the two 
processes for the treatment of damp oils, a large quantity of 
the same oil was sprayed with water, for a considerable per¬ 
iod, with a finely perforated rose. At the end of this operation, 
there remained, after the larger drops of water had settled, a 
stable emulsion of uniform density. Two 11-gallon samples 
were then drawn off and tested as follows:— 

f) after being treated twice in the separator. 

g) after being filtered twice. The adjustments of separator 
and filter press were the same as before. The various samples 
were tested with regard to the disruptive strength of oil. The 
results of these tests are given in table I. 


Table II. 


Sample 

Condition of oil 

Quantity of gases per 
3.65 oz.(100 gr.) of oil at 
32° F and 30 ins. of 
mercury 

Amount 
of water 

in 7oo 

a 

In original state . . • . 


.572 cu. ins. (9.37 cm 3 ) 

0.039 

b 

Once through separator . 


.606 „ „ (9.92 „ ) 

0.034 

c 

Twice through separator 


.648 „ „ (10.60 „ ) 

0.033 

d 

Once filtered. 


.58 „ „ (9.49 „ ) 

0.036 

e 

Twice filtered. 


.579 „ „ (9.48 „ ) 

0.035 


After spraying with water 




f 

Twice through separator 


.585 „ „ (9.57 „ ) 

0.034 

8 

Twice filtered. 


.547 „ „ (8.96 „ ) 

0.081 


The gases extracted were also tested with regard to their 
composition. The results obtained were as follows: ■— 

24.5 to 25% oxygen + 75.5 to 75% nitrogen. 

The proportion of oxygen in air rose to a limited extent, 
owing to the higher solubility of this gas in oil. If the quanti¬ 
ties of oxygen are expressed as percentage of the weight of 


Tabic I. Disruptive strength of oil, between spheres .49 in. (12.5 mm) 
in diameter and .197 in. (5 mm) apart (average values obtained for 6 tests). 


Sample 

Condition of oil 

Disruptive 
strength immed¬ 
iately after treat¬ 
ment, in volts 
(r. m.s. value) 

Disruptive 
Strength one 
month after treat¬ 
ment, in volts 
(r. m. s. value) 

a 

In original state. 

39400 

37700 

b 

Once through separator . . 

55500 

49200 

c 

Twice through separator . 

64700 

60000 

d 

Once filtered. 

46900 

44000 

e 

Twice filtered. 

51800 

45500 


After spraying with water: 



f 

Twice through separator . . 

49700 

44300 

8 

Twice filtered. 

26600 

22000 


The above figures show the great superiority of the sepa¬ 
rator over the filter press, specially for purifying very damp oil. 
Soon after the introduction of this process, serious doubts 


were expressed in the technical press as to the efficacity of 
separators for purifying oil. It was asserted that the high 


oil, it will be seen that the amounts in question are very small. 
In the original stale of oil, the 5,65 oz. (100 gr.) contained 
.572 cu. ins, (9.57 cm 3 ) of gases ; as the proportion of oxygen 
is 25%, this represents .145 cu. ins. (2.54 cm 3 ), the weight of 
this oxygen being .000205 oz. (.00552 gr.). The quantity of oxy¬ 
gen contained in the oil in its original state thus figured as 
.00552% of weight. The oxygen in the oil treated twice in the se¬ 
parator, determined in a similar way, amounted to .00576% 
of the weight. The increase in oxygen due to the centrifugal 
process was thus .00044%. It cannot be assumed that this 
small addition of oxygen can reduce the quality of oil in a 
noticeable way. The suggestion could be made that these 
.00044% do not represent the whole quantity of oxygen in¬ 
corporated in the oil as a result of the centrifugal process, 
as the quantities retained by chemical absorption or oxida¬ 
tion can amount to much more. It can, however, be pointed 
out, in this connection, that the oxidation of oil at the tem¬ 


values of disruptive strength obtained for oil treated by the 
centrifugal process were merely due to the elimination of 
filaments, etc., while the water itself was only removed inso¬ 
far as it existed in the form of drops not too minute in size; 
the smallest drops and more especially the water mixed with 
the oil, which could amount to as much as 1 % 0 , remained 
necessarily in the oil. Furthermore, if was said that oil, when 
treated in a separator, was brought info much closer contact 
with the oxygen of the air than with any other process. The 
danger of oxidation was thus much greater with this method 
of treatment. In view of this, the Oerlikon Company deemed 
ft important to ascertain how far these objections, quite plau¬ 
sible in theory, were supported by facts. This could only be 
done by subjecting the oil to analytical tests, with a view to 
separating the impurities contained in it, i. e., in the present 
case, the wafer and gases. Investigations on these lines were 
carried out for the first time in the chemical laboratories of 
the Oerlikon Company. For the purpose of these tests, use 
was made of the same oil samples as had been utilised for 
compiling the table I. As stated before, the amount of water 
as well as the quantity of gases contained in the oil were 
measured. The results obtained in the case of the various 
samples are indicated in the table II. 

It was found that, by treating the oil in the separator, 
the quantity of gases in the oil was actually increased. 


perature of 105° F. at which the centrifugal process is nor¬ 
mally carried out must take place exceedingly slowly. On 
the other hand, the oil is only subjected to the stream of air, 
in the separator, for a short time; consequently, a marked 
oxidation is practically out of the question. 

The quantity of water in oil vary approximately in the 
same manner as the disruptive strength in table I. According 
to the tests, the value .055 °/ 00 seems to be the upper limit, 
when purifying oil by the centrifugal process. When the oil 
contains, in its original state, a quantity of water fairly near 
that value, as was the case for the first tests, there is no great 
difference between the two processes as regards efficacity, 
In the case of oil sprayed with water, however, the centrifugal 
process proved far superior. As regards the oil filtered twice, 
it remained milky though the filter had been renewed after 
the first filtering operation; the oil did not even become clear, 
after standing several weeks. The oil treated in the separator 
was, on the other hand, perfectly clear after the first centri¬ 
fugal operation. Some of this oil was placed in a sealed jar 
and left in the open for several months (late autumn to winter); 
even after this period, no clouding of oil could be observed. 

The above investigations thus show that, as a result of 
the introduction of centrifugal purifiers, a further valuable 
process has been added to the existing methods of removing 
the moisture and solid particles from insulating oils. 
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The Induction Regulator as used for Power Factor Regulation in Interconnected Systems. 


The practice of interconnecting power stations is becom¬ 
ing more and more general every year. In the case of 
Switzerland, for instance, this process has been applied on 
an extensive scale, and power stations of all sizes have been 
interlinked far beyond the frontiers of that country, so as to 
permit of their supplementing each other when required. 

In order to be able to connect up two generating stations, 
the following conditions have to be satisfied: firstly, the ter¬ 
minal pressures of the two power stations must be in phase, 
and secondly the pressures of the two installations must have 
the same value at the point of connection. Compliance with 
the first condition does not present any difficulty, as syn¬ 
chronism sets in automatically. If the second condition is also 
satisfied, each power station has only to supply its own watt¬ 
less component. Should, however, fluctuations in pressure 
occur, owing to the unavoidable pressure drop in the inter¬ 
connecting line and in the transformers which are necessary, 
for instance, when interlinking power stations with different 
pressures, this condition can no longer be complied with. As 
a result, the distribution of the wattless K.V. A. between the 
two generating stations varies with the load; this can, how¬ 
ever, be avoided by providing a pressure regulator in the 
interconnecting line. In certain cases also, it may be desired 
that the wattless load should be transferable at will from one 
power station to the other, without having to vary the exci¬ 
tation of generators; this can be done too by inserting a 
pressure regulator in the interconnecting line. 

Such duties are best performed by an induction regula¬ 
tor, as with this type of plant the pressure can be adjusted, 
without jerk, for any desired value within the range of re¬ 
gulation of regulator. It is, of course, no longer possible to 
speak here of an actual regulation of pressure, as the pres¬ 
sure regulation is only the means for transferring the walt- 


1. Regulation of the actual load or power component. 

If two generators A and B of identical design are rigidly 
coupled together, in such a way that the poles of same name 
of these machines coincide exactly with each other, and ex¬ 
cited to an equal extent, their terminal pressures will have the 
same value and be in phase (see Fig. 1); in such a case, no 
current will flow through the windings, when the generators are 
connected in parallel. Should, however, the rotors of the two 
generators be coupled together in such a manner that the poles 
of the same name are at an angle cp in relation to each other, 
there will be a phase displacement (p between the pressures 
of A and B (see Fig. 2), which causes a difference in pres¬ 
sure C. If the two generators are now connected in parallel, 
this pressure C gives rise to a circulating current i in the 
windings of the two generators. Let us designate this current 
by ia in the generator A and by ib in the generator B. As 
can be seen from Fig. 3, this current has, in the generator A, 
a direction opposed to that in the generator B. On the other 
hand, as the reactance of the generator windings greatly ex¬ 
ceeds their ohmic resistance, this current has a phase dis¬ 
placement of nearly 90° in relation to the pressure C which 
produces it; consequently, the current vectors ia and ib are 
to be set out in the pressure diagram of Fig. 2, as shown in 
Fig. 4. The latter diagram shows that the currents ia and ib 
are nearly in phase with the pressures A and B, so that a 
torque comes into play. The generator A, which leads over the 
generator B, works as a generator and supplies current to B, 
which itself operates as a motor. Such a mode of operation 
is not permissible, as, in such a case, the loads of the generators 
would not be symmetrical owing to the circulating current. 

Let us now assume that the two generators are driven by 
identical turbines and that the two generators are suddenly 
uncoupled. The result will be as follows: the generator A, 



0 50% m% 



less load from one system to the other or for preventing the 
wattless load of one power station from shifting to the other. 
The induction regulator thus acts, here, as a phase displacer. 

We now propose to describe, as briefly as possible, the 
manner in which the wattless load is displaced by an induc¬ 
tion regulator. As the interconneclion of A. C. installations 
is comparable with the connection of individual generators 
to common busbars in the same power station, and the con¬ 
ditions ruling the distribution of the actual load and the watt¬ 
less K.V. A. are the same, we shall consider, for the sake of 
simplicity, the case of two generators in parallel. 


which works as a generator, will tend to slow down, while the 
generator B, which operates as a motor, will have a tendency 
to increase its speed, until the two generators are in phase. 
The circulating current i will, at the same lime, disappear 
and the generators will run as parallel-connected machines 
on light load. Should the two generators be put on load, with 
exactly the same excitation and with the throttle valves of 
the turbines opened to the same extent, each generator will 
take over exactly half the wattless and power components. 
Fig. 5 shows how the total load is distributed between the 
generators A and B. 
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If the throttle valve of the turbine of generator B is further 
opened so as to correspond, for instance, to a / 4 load and the 
admission of steam of the turbine driving generator A reduc¬ 
ed to that for 1 / 4 load, the distribution of load will be as shown 
in Fig. 6. During the adjustment of the throttle valve of the 
two turbines, lhe generator B, owing to the larger admission 
of steam, will tend to accelerate and assume a leading phase 
displacement in relation to generator A, while the latter has 
a tendency to slow down, owing to the smaller admission of 
steam ; consequently, a circulating current i will be produced, 
as stated above, which causes a reduction of the speed of 
B and an increase of the speed of A, until the two genera¬ 
tors are again in phase. The generator B takes over now 
three quarters of the total load and lhe generator A. one quar¬ 
ter. The wattless KVA has, however, remained the same for 
both machines, as the excitation of the generators has not 
been altered. 


Ms 


B 


Fig. 7. 



ff 


B 


o' 'o 


Fig. 8. 



2. Regulation of the wattless component. 

We have seen in Section 1 that, when two generators A 
and B of identical design, driven independently, are connected 
in parallel and given exactly the same excitation, their pres¬ 
sures have the same value and are in phase; as long as no 
load is on, no current flows through the windings of machines 
(see Fig. 7). If, however, the generators, while on light load 
before being connected in parallel, are excited unequally, in 
such a way that the pressure of A is 0—1 and the pressure 
of B, 0—2, as in Fig. 8, a difference in pressure 1—2 results. 
Should the two generators be connected now in parallel, this 
difference in pressure 1—2 gives rise to a circulating cur¬ 
rent i. According to Section 1, this circulating current must 
be plotted at right angle with the pressure which produces it. 
Fig. 8 shows that the pressure 1—2 is in phase with the ter- 
.minal pressure so that the circulating current is also at right 
angle with the terminal pressure. We are designating again 
by ia and ib the circulating current in generators A and B, res¬ 
pectively. As will be seen, this circulating current has in gene¬ 
rator B the opposite direction to that in generator A and is thus 
leading in generator A and lagging in generator B (Fig. 10). 

As the two generators are connected to the same bus¬ 
bars, their terminal pressures must be equal. In the present 
case, the terminal pressures will assume an average value 
0—3, when the generators are paralleled, as both machines are 
here identical; the leading current ia in generator A will raise 
the pressure 0—1, while the lagging current ib in generator 
B will lower the pressure 0—2, as indicated in Fig. 11. .As 
the circulating current is only a wattless current, it cannot 


produce a torque and, consequently, cannot affect the phase 
angle between the two generators, neither cause any displace¬ 
ment of load from one generator to the other. This means 
that the variation of excitation only permits of the transfer 
of the wattless KVA from one generator to the other. 

Let us consider once more the first example where it has 
been assumed that the total output of the installation is dis¬ 
tributed evenly between the two generators working in parallel 
(see Fig. 12). For such conditions of operation, it is neces¬ 
sary that the turbines should be set for the same output and 
the generators excited equally. If the excitation of the gene¬ 
rator A is now reduced, and that of the generator B left un¬ 
altered, the total load will apportion itself between the two 



Fig. 9. Fig. 14. 

generators as shown in Fig. 13, for instance. As the gene¬ 
rator A is less excited than the generator B, or, in other words, 
as the pressure of A is smaller than that of B, this will give 
rise to a wattless circulating current which equalises again 
the pressures of both generators, as indicated above. This 
circulating current flows through the winding of generator A 
in the opposite direction to that through the winding of ge¬ 
nerator B (see Fig. 14). The wattless current J 0 of the system 
has, however, in both generators, the same direction, as shown 
in Fig. 14. In view of this, the circulating current ia in gene¬ 
rator A compensates a corresponding portion of the wattless 
current J 0 of system, while the circulating current ib adds itself 
arithmetically to the wattless current J 0 of system, as shown 
in Fig. 15. The generator A runs now with a better power 
factor and generator B with a worse power factor; the total 
power factor of the installation remains, however, the same. 

It is thus possible, by regulating the excitation, to dis¬ 
place the wattless K.V. A. of an installation, at will, from one 
generator to the other, provided the generators in question 
are in position to take over the increased wattless load. The 
generator which is less excited and has the lower pressure 
takes over the smaller share of the total wattless load, while 
the machine which is more excited and has the higher pres- 
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sure takes over the larger share. The power component can¬ 
not be influenced by varying the excitation of the generators. 
The above applies also to power stations working in parallel; 
it is, however, necessary, in the latter case, to take into ac¬ 
count the pressure drop in the interconnecting line, as well 
as that in the transformers in the line. 

Interconnection of two power stations. 

Let us now consider the case of two identical power sta¬ 
tions A and B linked up by an interconnecting line L without 
capacity, and working on common busbars S arranged in 
the power station B, as shown in Fig. 15. For the sake of 
simplicity, we shall assume that each installation is only equip¬ 
ped with one generating set, so that our study is reduced 
to that of two generators operating in parallel. 

At light load and with the generators equally excited, the 
pressures A and B are in phase and have the same value 
(Fig. 16); in such a case, no current flows through the system. 
If a load G with a power factor unity, for instance, is app¬ 
lied in H, this load apportions itself evenly between the ge¬ 
nerators A and B, provided the throttle valves of the turbines 
are opened to the same extent. 

We now propose to show the effect of the transmission 
line, with its reactance and ohmic resistance, on the parallel 
operation of generators. The current J flowing through the 
line L causes an ohmic drop J r and an inductive drop Jx, so 


Fig. 18; this machine has now to supply the wattless KVA 
caused by the pressure drop in the line L. This power fac¬ 
tor corresponds to lhe angle <p in Fig. 18. The phase displace¬ 
ment depends upon the current which flows through the line 
L, upon the ohmic resistance and the reactance, and upon 
the power factor of load. 

In the present example, where we have assumed that the 
two power stations are working on the same busbars, all the 
necessary conditions for the satisfactory parallel operation 
of these installations can be complied with, as the excitation 
of generators can be adjusted accordingly. When, however, 
each power station works on separate busbars, which have 
to be kept at a constant pressure, and power has to be trans¬ 
mitted from one installation to the other, whether it be only 
from A to B or also from B to A, it is no longer possible 
to meet the conditions merely by adjusting the excitation. In 
such a case, a pressure regulator R is provided in the inter¬ 
connecting line for dealing with the pressure regulation or, 
more exactly, with the distribution of the wattless load be¬ 
tween the two power stations; each power station can then 
adjust its pressure, independently of the other power station, 
to suit its load, by varying the excitation of generators. Fig. 
19 shows the arrangement corresponding to such conditions. 

The induction regulator, as we have already shown, is 
specially suited for adjusting the distribution of wattless load 



that the pressure at the point As is no longer in phase with 
the terminal pressure of the generator A, while the pressure 
Bs is still in phase with the terminal pressure of the gene¬ 
rator B. Fig. 17 represents the conditions in system, but only 
at the instant the load G is applied. The difference in phase 
between As and B s gives rise to a circulating current which 
causes the displacement of the generators in relation to each 
other, until As is in phase with Bs, as described in Section 1. 
Fig. 18 represents the normal conditions of operation after 
these adjustments have taken place. 

It will be seen from the diagram in Fig. 18, that As is 
actually in phase with Bs but, owing to the pressure drop in 
the line L, As is much smaller than Bs; this results in a cir¬ 
culating current, as shown in Section 2, which causes the 
generator B to take over a wattless load. If the terminal pres¬ 
sure of generator A is raised, by increasing the excitation 
until the pressure at As is equal to Bs, the circulating cur¬ 
rent disappears and the generator B then works with power 
factor unity. Under such conditions, the generator A operates 
with a lower power factor than unity, as can be seen from 



in interconnected systems. As, however, the regulated pres¬ 
sure and non-regulated pressure are not in phase in all the 
positions of regulator, when an ordinary induction regulator 
is resorted to (see Bulletin Oerlikon No. 30), a relative dis¬ 
placement between the rotors of the generators of the two 
power stations has to take place, each time the regulator is 
moved, in order that the pressures at the point of connec¬ 
tion of the two power stations should always remain in phase. 
Fig. 20 shows the relative displacement for a given position 
of induction regulator. As is the pressure of the power sta¬ 
tion A, at the end of the transmission line, before regulation, 
R the additional pressure of the induction regulator R, with 
variable phase according to the position of regulator, and 
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As, is the pressure after it has been reg-ulated to correspond 
to the pressure in the power station B. The angle ip repre¬ 
sents the relative displacement between the rotors of the ge¬ 
nerators of the two power stations, caused by the additional 
pressure R for the given position of regulator. The genera¬ 
tor of the power station A is thus subjected to a displace¬ 
ment in relation to the generator of 1 he power station B, each 
time the position of regulator is altered. In the case of re¬ 
gulation by hand, or with automatic control where the regu¬ 
lation is not too rapid, this displacement does not affect the 
stable operation of the two power stations. When, however, 
a quick-acting regulator is resorted to, the stability in ope¬ 
ration of installations can, under certain conditions, be com¬ 
promised. Wc, therefore, recommend, in such cases, the use 
of double induction regulators, as these are free from all phase 
displacement between incoming and outgoing pressures, along 
their whole range of regulation, as can be seen from Fig. 21; 
in the diagram in Fig. 21, As is the pressure at the end of 
the transmission line before regulation, 1^/2 and ' 2/2 are the ad¬ 
ditional pressures of the double induction regulator, and As, 
is the pressure after it has been regulated to correspond to B. 

Induction regulators of the type in question consist of two 
ordinary regulators of half capacity coupled together rigidly. 
The pressures As, As, and B are in phase for every regu¬ 
lator position, as can be seen from Fig. 21, where the posi¬ 
tion of regulator has been chosen arbitrarily; it follows that 
no relative displacement between the generators working in 
parallel will lake place at any point of the range of regula¬ 
tion of regulator. 




A 2 



n s 


Fig. 21. 




Let us take again the case of two power stations A and 
B connected in parallel by means of an overhead line L (Fig. 
22). These power stations have each their busbars S, which 
have to be kept at a constant pressure. We shall assume that 
the power station B wishes to draw energy from A at a power 
factor .6. As, however, A supplies its. power only at power 
factor unity, for instance, B has to provide, itself, the watt¬ 
less component of the energy it derives from A. This could 
easily be done by adjusting the excitation of its generators 


accordingly, as shown in Fig. 2, if such an alteration in pres¬ 
sure at the busbars was permissible. As, however, this is not 
the case, in view of the fact that the busbar pressure hs tao re¬ 
main constant, it is necessary to provide, in the power station 
B, an induction regulator permitting of the adjustment of the 
pressure of generators at the point f, at any time, irrespectively 
of the value of busbar pressure; it is then possible to regulate 
the pressure B in f, in such a way that it is always equal to 
the generator pressure A minus the ohmic and inductive pres¬ 
sure drop in the line, for energy drawn at power factor unity (Fig. 
2.5). I f these conditions are complied with, the energy drawn from 
A by B has a power factor unity in f, and A has to supply the 
wattless K.V. A. due to the pressure drop in the line. 

If the power station A can supply the energy at a power 
factor .8 instead of unity, the regulator must be so dimen¬ 
sioned that, under all conditions of operation, the pressure of 
B can be regulated in f, in such a way that it is always equal 
to the generator pressure A minus the ohmic and inductive 
pressure drop in the line, for energy drawn at power factor .8. 

Let us now take a concrete example and assume that the 
power station B draws from A 5000 KW at power factor unity 
and that the line has an ohmic pressure drop of 4% and an 
inductive drop of 10 °/„. In order to be able to comply with 
the condition that the energy is to be drawn at power fac¬ 
tor unity, we find that the induction regulator has to reduce 
the pressure of B by about 4% at full load. It follows that 
the internal capacity of the induction regulator must be: 
5000 X -y i00 = 200 KVA. If, however, the power station A 
can supply the energy at a power factor .8, the pressure drop 
in the line will necessitate a pressure regulation of 13%. As 
the power passing through the induction regulator is now 
5000 / 0 . 8 = 6250 KVA, the internal capacity of the regulator 
will have to be: 6250 X 1; >/ (00 = 815 KVA. 

In the examples considered, the induction regulator can 
only be utilised over half its range of regulat ion, namely, on the 
minus range, as we have assumed that the generators of the 
two installations are identical and thus have the same pressure. 
If, however, the power station A can, for instance, raise its pres- 

Light load 1020 V Drop 4% 1020 — 20 V 1000 V Light load 



sure to the extent of half the pressure drop at full load, the 
regulator can be used over its whole range of regulation 
+ and —, as shown in Fig. 24. As a rule, the pressures of 
two power stations coupled together differ so much that a 
transformer has to be inserted in the interconnecting line. 
In this case, the pressure ratio of transformer is to be chosen 
in such a way that the regulator can be utilised over its -f 
and — range of regulation, without having to adjust the ge¬ 
nerator pressure accordingly. When fixing the range of re¬ 
gulation of the induction regulator, the pressure drop of the 
transformer is 1 also to be taken into account. 
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Notes and News Items. 


Winding gear for sinking pumps. When 
sinking new mine shafts or when deepening exist¬ 
ing pits, it is often necessary to resort to so-call¬ 
ed sinking pumps for extracting the water that 
collects at the bottom of shaft. These pumps, with 
their pipes, are suspended to ropes which are car¬ 
ried by winding gear mounted at the mouth of the 
pit. The dimensions of the drums of such wind¬ 
ing gear may be gauged from the illustration given 
here. The winding equipment in question was sup¬ 
plied to the Societe Miniere et Mefallurgique de 
Penarroya. The drum is subjected to a load of 
about 10 tons, and can take about 2030 ft. of rope, 
the latter having a diameter of 1%" (34 mm). 

Electric trials on the Paris, Lyons and 
Mediterranean Railway. At the end of Septem¬ 
ber of last year, the Oerlikon trial locomotive, type 
2BB2, supplied to the above Company was sub¬ 
jected to exhaustive tests both as regards running 
and regenerative braking. This locomotive has an 
output of 2400 HP at 31 m. p. h. and a maximum 
speed of 68 m. p. h. The trials were entirely suc¬ 
cessful and the locomotive has now commenced 
its period of guarantee. The running tests covered 
the whole range of operation of the locomotive 
up to the highest speed and maximum load. The 


trials with regenerative braking were also carried out under 
the most varied speed conditions and the stipulations of 
contract in this respectfully satisfied; the latter laid down 
that the electric braking equipment was to be capable of 
dealing with a total train load of 300 tons, including a weight 
of locomotive of 120 tons, on a gradient of 1 in 35, the speed 
being maintained at 22 to 25 m. p. h. During these tests a 
current of 600 amps, at 1500 volts was fed back into the 
system with the train travelling at 25 m, p. h. 

The method of regenerative braking evolved by the Oer¬ 
likon Company for D. C. locomotives and adopted here is, 
like that devised by them for single-phase railways, charac¬ 
terised by the smooth and reliable regulation of speed ob¬ 
tainable and the steady braking action ensured. The operation 
of equipment is very simple. When changing over to electric 
braking, the driver does not have to consult any instruments. 
The same controller handle which serves for starting up and 
running is also used for braking; the driver has only to know 
what grouping of motors is required for the speed at the time. 

The electrical equipment as well as the control arran¬ 
gements and general lay-out and also the mechanical part 
have given entire satisfaction: the latter embodies as notable 
feature the special Oerlikon articulated coupling for connect¬ 
ing motor to driving wheels (see Bulletin Oerlikon No. 9). 

Drying-out of transformers. The drying-out of trans¬ 
formers, and more especially of large units for high pres¬ 
sures, is an operation which calls for great care, as it is a 
matter of special importance that every trace of moisture and 
air should be removed from the oil and insulation, in order 
to increase, as far as possible, their dielectric strength, while, 
at the same time, all deterioration of oil during the process 
must be avoided. It may, therefore, be of interest to give a 
few particulars regarding the arrangement adopted by the 


Drum of winding gear for sinking pump. 


View showing assembly of the twin motor equipments on the locomotive, 
type 2BB2, of the P.L.M. Railway; each unit is designed for.600 HP 

(continuous rating). 
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Oerlikon Company in the case of the new drying-out instal¬ 
lation they have provided at their Works to meet increasing 
requirements. 

The equipment in question comprises a tank capable of 
accommodating the largest transformers, in which the air is 
exhausted during the drying-out process by means of a va¬ 
cuum pump. The heating is obtained either by means of the 
steam pipes arranged in the tank or by an external heater 
through which the oil of transformers is forced by a circu¬ 
lating pump. The installation is mainly characterised by its 
large capacity and high efficiency. The tank itself has a dia¬ 
meter of about 16 ft. and a 
total height of about 22 ft. 

The tests carried out on the 
tank have shown that, in spi¬ 
te of its large dimensions, 
and the great length of weld¬ 
ed joints, a very high vacu¬ 
um could be attained. The il¬ 
lustration-on this page repre¬ 
sents the tank itself, while that 
on page 235 shows the com¬ 
plete drying-out installation 
in operation. As can be seen, 
the tank has acircularsection, 
both bottom and cover being 
dished; the cover is fitted 
with vacuum gaugeand ther¬ 
mometer, in the usual way. 

Provision has been made for 
glass inspection windows 
and electric lighting in the 
tank, so that the upper sur¬ 
face of oil in the transformer 
tank can be easily examined 
during the drying-out pro¬ 
cess. The cover of tank is 
hinged and can be raised by 
means of a motor driven 
winch. It will be seen from pa¬ 
ge 235 that the tank is nearly 
completely sunk in the floor. 

The use of steam heat¬ 
ing by means of the pipe 
system in the tank is mainly 
confined to cases where a 
number of small transfor¬ 
mers are being dried out at 
the same time. When, how¬ 
ever, large transformers with 
a great heat capacity have 
to be dealt with, this mode of heating is too slow, owing 
io the low thermal conductivity in tank, due to the rareft- 
cation of air. The transformers are then dried out by caus¬ 
ing the oil to circulate through the oil heater provided 
for the purpose. The latter equipment is of standard Oerli¬ 
kon design and has a capacity of 100 KW. Owing to the 
fact that the oil of transformers is heated indirectly in this 
plant and does not come into contact with the electric heat¬ 
ing coils, there is no danger of the oil being over-heated at 
any point. The oil heater is fitted with safety devices which 
cut off the heating current when the temperature of oil rises 
too high, or interrupts the oil circulation. It may further be 


mentioned that arrangements have been made in order to 
permit of the heating of oil directly by means of electric re¬ 
sistances, should it be desired to adopt this mode of heating 
in certain cases, the necessary air-tight bushings being pro¬ 
vided on the tank for leading in the current conductors. 

As the drying-out process is carried out with a high va¬ 
cuum in the tank, the circulating pump for the oil heater can¬ 
not operate as suction pump, but has to be used as com¬ 

pression pump; consequently, it has been necessary to mount 
it at the bottom of tank. The oil heater, however, is installed 
above, on the floor level, on the side of tank. The circulat¬ 
ing pump is of the type evol¬ 
ved by the Oerlikon Com¬ 
pany for use with transfor¬ 
mers with external oil cool¬ 
ing, this plant being specially 
suited for the present duties. 

The unit in question con¬ 

sists of a centrifugal pump 
built as integral part of the 
driving motor. The pump 
has no glands and no ex¬ 
ternal moving parts; it re¬ 
quires no attention, works 
practically noiselessly and 
is very reliable in operation. 
The vacuum pump for ex¬ 
hausting the air in the tank 
is also a pump of the Oerli¬ 
kon Company’s manufacture. 

The three-phase trans¬ 
former which is shown on 
page 233 in the process of 
being lowered into the tank 
is a 6000 KVA unit for 60000/ 
52000 volts, 50 cycles, ar¬ 
ranged for external water 
cooling. This transformer is 
provided with circular coils 
with paper insulated conduc¬ 
tors, both on the high and 
low tension side. The com¬ 
pleted windings are impreg¬ 
nated with oil-proof insulat¬ 
ing paint. The transformer 
is capable of withstanding, 
for short periods, a pres¬ 
sure between turns equal to 
the total supply pressure, at 
the beginning of windings 
and near the neutral point, 
where the insulation is reinforced, and a pressure between 
turns amounting to 60% supply pressure at the other points 
of windings. The high and low tension windings are secur¬ 
ed independently by powerful springs which compensate any 
shrinkage during the drying-out process. 

The transport of the vacuum tank, from the makers to 
the Oerlikon Works, was in itself no easy matter. As there 
could be no question of conveying the tank by rail, owing to 
the limitations imposed by the railway loading gauge, trans¬ 
port by road had to be resorted to. Even so, the tank had 
to be sent in two parts, the latter being welded together after 
arrival on. site. . . 



Vacuum tank of the drying-out installation, assembled 
and ready for lowering into position. 
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Abb. 9. Ansicht der Lokomotive mit abgenommener Verschalung des Apparatenraumes. 
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Grfisste Hdhe des Lokomotivkastens . 


3 750 
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Volt 


Periodenzahl. 


(+ V2 ) *6 2 / 3 


-Lokomotive der S. B. B. 

Dauerleistung am Radumfang bei einer Fahr- 

geschwindigkeit von 70 km/h • • • 1920 PS 

Stundenleistung am Radumfang bei einer Fahr- 

geschwindigkeit von 65 km/h . • • 2200 PS 

Zugkraft am Radumfang bei Stundenleistung 9 100 kg 
Maximale Zugkraft am Radumfang .... 16700 kg 

Maximale Fahrgeschwindigkeit. 9 ° km/h 

Gewicht des mechanischen Teils . • • 54)8 t 

Gewicht des elektrischen Teils, einschliesslich 

Stromabnehmer und Kompressorgruppe 40,6 t 

Gewicht des Inventars.. • °)^- t 

Dienstgewicht der Lokomotive . .... 90,0 t 

Adhasionsgewicht der Lokomotive ■ • • • 5 ^>° t 






































































































































Abb. 2 und 3. Langsschnitt und Ansicht, Draufsicht und 

(Nach einer Originalzeichnung der Schweizer, Lokomotiv- 



































































































































































































Horizontalschnitte. — Masstab 1 :35. 

utid Maschinenfabrik Winterthur.) 
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Abb. 10. Schaltungschema der Lokomotiven A e8 /c 


7? 

Norm . Schatttafel fm fbhrerstandi 

h 

tfauptstr omhretse 

3. 

luQSheizunQsstromhrris 

6¥ 

tfiipferfur Tr/etoi 

B 


7. 

Hath sponnunQssfromkrers 

32 


65 

Umschalter fiir A 

c 

• * JurWechselstrom 

1 

Stromabnth/ner 

a 

funhenloscbspule 

66 

fitsswarmeplah 

D 

Norm Scholttafel fur Gteichstrom 

7 

Trennmesser 

33 

Stromwandkrfur 2ugsheizung 

17 

Sicherg fiir Fuhrt 

f 

Schalttafet fur Re/a/s 

3 


3* 



und Oetwarmep. 

r 

Klemmenplatte im Fuhrertisch l 

¥ 

frdungsschalter 

35 

Henhupplung 

« 

Umschalter J Auk 

6 

- - im Fuhrertisch U 

5 

Havptschatter 

3i-w 


69 

Fuhrerstandshet 

H 

- - im Hauptschalterraum 

a 

Strom wan dlerf. Max “stromretois 

B 

Nebenstromhrtise 

w 

Schalterfur OeU 

J 

" • aifd Transformer 

b 

S chut2 wider stand 

1. 

Hiilfshetaehsstramhrets 

V 

Delwahneplafts 

H 

- * Ober tlauphcbitiafel 

£ 

Hath spannungseinfuhrung 

VI 

KptsicNg / tiulfsbetnstr kreise 

72 

Sicherung fur t 

L 

tfl emm enplotte tm Stufenschatterroum 

1 

Stufentransjbrmafor 

w 

Umschalterfur Oepo/ansch/uss 

73 

Yonchaltwidersi 



3 

Strom woodierfur Messinstr 

V3 

Steckdase fur Depotanschluss 


fur fahrleitungi 



BIZ 



Sicherg fur kompressormotor 

?V 

Voltmeterf fohn 





V3 

Umsch fur kompressormotor 

75 

Stechdose fur 5 



?, 

Trlebmolorenilrotnhreis 

<ts 

tfijpfer fur kompressormotor 

76 

Woltstondenzdh 



73 


H? 

Kompressormotor 

77 

Amperemeter fu 



a 

funhenlosihschalfcr 

>8 

Ohm ‘setter Hiilfspolshunf 

78 

Mat stromretois , 



b 

Funkenlosehspule 

*9 


79 

Amperemeter fui 



J¥ 


SO 

Kampressorautamat 

80 

Mas'stromrelofsj 



15 

Ueb erscholtdrosselspule 

51 

Sicherg tf Motors fiir Oetpumpe 

81 

Sicherg i. Voltmei 



16-17 



und rriebmoforyentrlafor 

82 

Vorschattwiderste. 



IS 

Stromwandter fiir Trtebmoton 

52 

Sehalter 2. Motor fiir Oetpumpe 


fur 2ugshpzu 



19 

Nendeschatter 


und Trlebmotarventftator 

83 

VoUamperemete 



TO 

Tneb motor 

S3 

Motorfur Jriebmotor eentitatar 


tiax'drojnrrla/s J 



2i 

Ohm setter ttufspolshunt 

St 

Ohm 'setter tiutfspot shunt 

65 

Stcherg d. Nutts/. 



21-25 


55 

Ohm'sdter Wider stand 


fiir tfauptSi 



?6 


55*571 


86 

Nutlspprelafs / 



27-31 









59 

Vhm'sdtttr ttu if spot shunt 

90 

OAtnidter N/derstct 





10-a 


91-99 




















































































































i LDOV 26 3 '3 ^ 



•para/e 

tmeter 

ung 

upannung 
ng 220 V 

fstrom 

uptsirom 

'otoren 

cforpo 

giheizg 

Wmeter \ 

ihetiung 

be/zung 

efats 

befall 

motor 


m 

IDS 

m 

TC7 
10 8 
W9 
no 
fir 

if? 

ifj 

if* 

N5 

116 

#17 

Mfl 

IIS 

J7fl 

|l7MfS| 


Rolom. Artlassopp. z-Motorgeneral 

Gteichsfromrelais 

Wechsehtromrelats 

Umschattspute 

Motor des Motor gene ns tors 

tnduk/i ver Antnsswdersbnd 

Dhm’schtr Vorschattwipers land 


| Generator d. tiatorgenerabrs 
' Dbm'schtn Wideband 
Sich erung des Generators 
Battene 

Battenesichervng 
BaKerieschatler 
Amperemeter* jur Balfene 
Shun! turn AmperemeterJ. Balfene 
Voltmeter fur Ba Sene 


Sicherung d Oelbecherirarmei 
Scholter f OeUtechgrvrarmee 
Ddbecherwarmer 


fernbetatigung / S/romabnebmer 
Verne getungs kont / 5fever,sfrom 
Aus/osekontJur tfouptscb otter 

JJ —_ 

firnbetafigung fur Hauptschatter 
i Sfeuermotor fur Hauptscbalter 
Austdiespute fur Hauptscbalter 
Sperrscbnbr 

Unterbr echungskontakt om ftouptsch 
tfatoustosung fur ttauptschailer 

tiandantrieb fur ttauptschaiter 

Fernbetatigung fur Wendeschatter 

i7--_ 

Ifmchatterfur Hond‘behv elehtr 
Anfneb des Stufenscbalters 
Kuppiuflg fur tiandsteuerung 
Fembetdfrgung d S/ufenscbotters 
Steuerkonfr des Stufenscba.lers 

Vemeqelkanfoht am Stufenscbalter\ 

Stu/enscha Uecmotor 
Wideband turn Shfenschltmohr 


khattwalief.Rntr des Stufensebatt 


Fuhrerstantitnmpp 
Sicberung fur fnnenlamprn 
Sthaller fur Innentamppn 
tnnenlampe 

S/echdose fur ttondtampe 
ttandlampe 


1 Fern scbatter fQr Heijbupfer 
1 ttekfro-pneumat.Antneb dtteubi/pfl 
Verneg Kontaht der Heiibupfer 

75 -- 

' faltkloppe Mai.relais fur ttptstr 
failfilappt t Mot. rrtais f Triebmot 

Fallklappe z. Max.retaisf 2 ugtheii. 
Schalterf Hullsp'gsrelats / Hphchlt 
7 - 

Beleuchtungsstrornkreis 

Beteuc hlttng s wider stand 
1 Sicherung fur Beteuchtung 
' Umschalter/ur Beleuctdung 
U 

Sicherung der lok.-Internet) 

Schalterf. Ukomotivlaternen 
Stechdosefur Lok '•Lafemen 17 ; * 177 

Lohomattvlaternert igj - )S5 

Sicberung f Fuhrerstandtampe lot - jjg 

Scbatter fur fubrerstandtompe ;s; - 757 


Steucrleitungen 
Motorgeneralor Battene 
Beteu chtung 5 lei tun gen 
Messleitungen 
Deppfonscbluss - 
Kompn - Ventitat. Oelkuhlermotor 
Fuhrerstandsbeizung, Otlwarmepi 
lugshenung 
Triebmotoren 
Hochspannung 


Clich6 der Maschinenfabrik Oerlikon. 
























































EINPHASEN-LOKOMOTIVE A eS /fi 



Abb. 7. Einachsiges Bisselgestell. Abb. 6, Zweiachsiges Laufrader-DrehgestclI. 


Gestange verbunden, das aus zwei Winkelhebeln und einer, 
unter der zwischen diesen Achsen gelagerten Vorgelege- 
welle durchfiihrenden Zugstange gebildet wird. Die Feder- 
aufhangung der dem Bissel benachbarten Triebachse ist 
durch Einschaltung von zwei Langsbalanciers und eines 
Querbalanciers mit der gefederten Abstutzung des Haupt- 
rahmens auf das Bisselgestell zu einem System verbunden. 
Der Querbalancier iibertragt die Last auf eine mit Hiilfe 
von Lenkern gehaltene Zentralstiitze, die am untern Ende 
auf der Kugelpfanne des Bisselgestelles aufsitzt. 

Die Abstutzung der Lokomotive auf ihren Achsen 
erfolgt also in vier Punkten, von denen die aussern beiden 
im Maschinenlangsmittel fiber dem zweiachsigen Drehgestell 
und der hintern kombiniertenTriebachs-Bisselachs-Radgruppe 
liegen, wahrend die beiden andern Stiitzpunkte in den 
Lager-Ebenen der beiden dem Laufachsgestell benachbarten 
Triebachsen sich befinden und fur die nbtige Seitenstabi- 
litat des Fahrzeuges sorgen. Diese Unterteilung des Feder- 
Gehanges hat sich in jeder Beziehung bewahrt. 

Antriebmechcmismus. Der Antrieb der drei Trieb- 


konzentrisch mit der Motorwelle ausgedrehte Sitzflache 
dazu dient, den Motorlagerhals aufzunehmen und so beim 
Einbau den Motor ohne weiteres an seinen in Bezug auf 
guten Zahneingriff richtigen Ort zu bringen. Mit den er- 
wahnten Langstragern unter den Motorfiissen sind uber- 
dies bei jeder Vorgelegewelle die Stahlguss-Lagerscheren 
zusammengeschraubt, die zur Aufnahme der Vorgelege- 
wellen-Lager dienen; der mittlere Rahmenteil unterhalb 
der Motoren bildet so ein kraftiges Ganzes, das unzulas- 
sige Deformationen des Rahmens verhindert. Der Rahmen- 
ausschnitt unterhalb jedesVorgelegewellen-Lagers wird durch 
eine starke geschmiedete Zange iiberbruckt. 

Bremsen. Samtliche Triebrader sind doppelseitig ab- 
gebremst. Im fernern wirkt je ein Bremsklotz auf die Rader 
des zweiachsigen Laufachsgestelles (Abbildung 6), wahrend 
das Bisselgestell ohne Bremse ist. Betatigt wird die Bremse 
mit Hiilfe der doppelten Westinghouse-Bremse (automatische 
Bremse und Regulierbremse) mit der etwa 90 °/ 0 des Ad- 
h&sionsgewichtes, sowie 60 °/ 0 des auf dem Laufachsgestell 
lastenden Gewichtes abgebremst werden kann. Die Trieb¬ 


achsen ist dem der i-C-i (B c 3 / 5 ) Probelokomotive Nr. 11201 
der Schweizerischen Bundesbahnen nachgebildet, mit wel- 
chem Lokomotivtyp seit seiner Inbetriebsetzung anfangs 
1919 nur gute Erfahrungen gemacht worden sind. Zwei 
in der Lokomotive hochgelagerte, sowohl mit dem Rahmen 


als auch unter sich solid 
verbundene Gestellmotoren 
treiben mit Hiilfe von beid- 
seitigen Zahnradern je eine 
jedem dieser Motoren zu- 
geordnete Vorgelegewelle 
an, die zugleich als Kurbel- 
achse dient. In die Zahn- 
kolben (Abb. 8) ist eine 
weiche Federung eingebaut. 
Die Verzahnung ist schrau- 
benfbrmig ausgebildet, der- 
art, dass fur die (je 150 mm 
breiten) Zahnrader der bei¬ 



den Seiten zusammenge- 
nommen sich eine Pfeilver- 


Abb. 8. Gefederter Zahnkoibcn 
der Triebmotoren. 


zahnung ergibt. Von den 

beiden Vorgelegewellen aus wird die Antriebkraft der 
Motoren auf die drei Triebachsen mit Hiilfe von Dreieck- 


radbremsen kbnnen auch von den Fuhrerstanden aus von 
Hand angezogen werden. 

Luftleitungsanlage. Zwei Behalter von je 400 1 Inhalt 
dienen zur Aufspeicherung der vom Motorkompressor ge- 
lieferten Druckluft. Einer dieser Behalter ist fur die Bremse 
bestimmt, der andere dient zur Speisung der pneumatischen 
Apparate der Lokomotive; doch ist die Verbindung der 
Behalter unter sich derart, dass bei Druckabnahme im 
Brems-Luftbehalter stets Luft vom Apparaten-Luftbehalter 
nachstrbmen kann, wahrend der umgekehrte Vorgang durch 
ein Riickschlagventil verhindert wird. 

Der Lokomotivkasten. Der auf die ganze Lange des 
Rahmens aufgebaute Lokomotivkasten enthalt die iibliche 
Unterteilung in einen mittlern Maschinenraum und je zwei 
an den Enden befindliche Fuhrerstande. Eine weitere Unter¬ 
teilung im Innern des Maschinenraumes (Abbildung 9) ist 
mit Rucksicht auf die Ventilation der Motoren geschaffen 
worden. Wir werden darauf zuruckkommen. 

II. Elekirische Ausrustung. 

Das Bestreben der Schweizerischen Bundesbahnen, 
die Lagerhaltung kompletter Maschinen, Apparate und 
deren Bestandteile zu vereinfachen, um damit anderseits 
die Anschaffungs- und Unterhaltungskosten der Fahrzeuge 


stangen und an diese angelenkten Kuppelstangen ubertragen. 

Rahmenbau. Der Hauptrahmen der Lokomotive be- 
steht aus zwei 25 mm starken Lclngsblechen, deren zahl- 
reiche Querversteifungen aus der Zusammenstellungszeich- 
nung (s. Tafel) zu ersehen sind. Besonders hervorgehoben 
p 4 i die Ausbildung des Rahmens in dem unterhalb der 
Motoren gelegenen Teil: Langstrager aus Stahlguss, auf 
jecler Seite mit dem Rahmenblech fest verschraubt, bilden 
Has Fundament, auf das sich die Fiisse der beiden Motoren 
afestiitzen. In diese Langstrager ist bei jedem Motor unter¬ 
halb des Motorlagers ein Sattel eingebaut, dessen obere, 


mOglichst herabzusetzen, hat seit einer Reihe von Jahren 
zur schrittweisen Normalisierung einer grbsseren Anzahl 
grtindlich erprobter und bewahrter Ausrustungsteile ge- 
fiuhrt. Aus dem vor kurzem hier erschienenen beziiglichen 
Artikel von Ingenieur F. Steiner (Bd. 85, S. 83 und 103, 
i4./2i.Feb, 1925) ist den Lesern der „S.B.Z.“ bekannt, wie 
weit diese Normalisierung durchgefiihrt worden ist. Die 
normalisierten Apparate sind zum Teil in jenem Artikel 
dargestellt. Wir kbnnen uns also hier auf die Teile der 
elektrischen Ausrustung beschranken, die nicht unter die 
Normalisierung fallen, oder die gegenuber frflhern Konstruk- 





Abb. 11. Hochspannungs - Trennmesser. 


Abb. 13. Erdungs-Schalter zum Hauptschaller. 


tionen wesentlich Neues bieten. Im ubrigen verweisen wir 
auf das Schaltungschema (Abb. io), dessen Legende eine 
Aufstellung aller vorhandenen Apparate gibt. 

Die Anordnung der elektrischen Ausriistung im Innern 
des Lokomotiv-Kastens (vergl. Abbildung 2/3, Tafel, und 4) 
ist durch die zentrale Lagerung der Motoren bestimmt. 
Nach vorn, gegen das zweiachsige Laufachsgestell hin, 
schliessen an den Motorraum der Hauptschalter und die 
Zugheizungs-Hiipfer, dann der Stufentransformator und 
schliesslich die zwei langsgestellten Stufenschalter. Der 
Raum zwischen diesen Stufenschaltern, der zum Revidieren 
derselben dient, kann vom vordern Fiihrerstand aus durch 
eine verriegelte Ttire begangen werden. Gegen den hintern 
Fiihrerstand zu schliessen an den Triebmotorenraum die 
Transformatorkuhlgruppe mit aufgebautem Motorgenerator 
und die Kompressorgruppe an. In diesem Raume sind 
ferner die Gleichstrom-, Wechselstrom- und Relais-Schalt- 
tafeln untergebracht (vergl. die Skizze links unten auf dem 
Schaltungschema Abb. 10, Tafel). Im fernern befinden sich 
in der Nahe des Kompressors an der betreffenden Fiihrer- 
stand-Ruckwand der Kompressor-Automat, der Anlasshupfer 
und der Widerstand zum Kompressormotor. Im Dachauf- 
satz uber dem Motorraum, mit dem betreffenden Dachteil 
durch ein Gerust verbunden und als Ganzes ein- und aus- 
baufahig, sind die Ueberschalt-Drosselspulen, die Ohm’schen 
Hulfspolshunts der Triebmotoren und bei der mit elektri- 
scher Rekuperations-Bremseinrichtung versehenen Loko¬ 
motive Nr. 10401 noch die Bremsdrosselspule untergebracht. 

Die Abnahme des hochgespannten Stromes (im fol- 
genden Hauptstrom genannt) aus der Fahrleitung erfolgt 
durch zwei kraftig versteifte, in ublicher Weise durch 
Druckluft betatigte Scheren-Stromabnehmer. Die beiden 
aussersten Lagen der Wippen-Schleifflachen betragen 
4.495 m , bezw. 7,195 m uber S. 0 . K. bei vollstandig ge- 
senkten, bezw. bei ganz hochgestellten Stromabnehmern, 
d. h. die Stromabnehmer beherrschen eine Hbhendifferenz 
von 2,7 m. Der aus Stahlrohren hergestellte bewegliche 
Teil der Stromabnehmer ist durch einen automatisch wir- 
kenden, von Witterungs- und Temperatureinflussen unab- 
hangigen L uft dross elungshahn gegen ein allzu rasches 
Herunterfallen gesichert, sodass das Scherengestell beim 
Herunterlassen aus jeder beliebigen Hohenlage ruhig und 
ohne merkbaren Stoss seine unterste, bezw. die Ruhelage 
einnimmt. Urn beim Senken ein rasches Entweichen der 
Druckluft aus den Zuleitungen und damit eine kurzere 
Senkzeit zu ermbglichen, ist in die Verbindungszuleitung 
der Stromabnehmer ein selbsttatiges Ausstromventil ein- 
gebaut worden, durch das die Druckluft ins Freie entwei¬ 
chen kann, ohne erst das ganze Leitungssystem einschliess- 
lich Betatigungsventile der Fuhrerstande durchfliessen zu 
mtissen. Beiden Stromabnehmern ist je ein Hochspanmings- 
trennmesser (Abbildung n) und je ein Entleerungshahn 
zugeordnet, mittels deren die Stromabnehmer bei Bedarf 
elektrisch, bezw. pneumatisch ausser Tatigkeit gesetzt wer¬ 
den kbnnen. Die Betatigung der Stromabnehmer-Trenn- 
messer kann nur mittels eines Handgriffes vorgenommen 
werden, der mit der Stromabnehmer-Luftzuleitung derart 



verriegelt ist, dass 
er erst nach Oeff- 
nung eines in diese 
eingebauten,mitSig- 
nalpfeife versehenen 
Entleerungshahns j 
abgehoben werden 
kann. i . 

Als Hauptschalter 
gelangte bei den 
ersten dreizehn Lo- 
komotiven noch der j 
altere Schaltertyp j 
mit einfacher Unter- 
brechung und pneu- 
matischer Einschalt- 
vorrichtung zur Ver- 
wendung (Abb. 12), 
wahrend die weitern 
mit dem normalisierten Schalter mit Vielfachunterbrechung 
und elektromotorischerEinschaltung (siehe „S. B.Z.“, Bd.85, 
S. 107, 21. Febr. 1925) ausgerustet sind. Bei den neuern 
Lokomotiven ist ausser der sowieso vorhandenen Hand- 
betatigung am Schalter selbst noch ein besonderer Hand- 
antrieb (Pos. 138 in Schema) vorbanden, der die Einschaltung 
des Hauptschalters vom Fiihrstand I aus mittels Hebei gestattet. 
Beide Schaltertypen besitzen Vorkontakte, womit beim 
Einschalten erst die sogenannten Stoss- oder Dampfungs- 


Abb. 12. Hauptschalter. 



Abb. 14. Transformator mit liegendcm Kern der Lokomotiven Nr. 10421 u. ff. 











Abb. 17. Wendeschalter mit elektro-pneumatischem Antrieb. 


Abb. 18. Wendeschalfer mit Handantrieb. 




Abb. 16. Stufenschalter fur elektrische Oder Handsteuerung. 



Abb. 15. Transformator mit liegendem Kern der Lokomotivcn Nr. 10421 u. ff. 


widerstande vorgeschaltet werden, bevor die Hauptkontakte 
auflaufen. Die Hauptschalterzelle und die Oelkubelablass- 
vorrichtung des Hauptschalters sind mit einem Erdungs- 
schalter (Abbildung 13) und dem weiter oben erwahnten 
Verriegelungshandgriff derart verbunden, dass sie erst 
nach Oeffnung des Entleerungshahns und Senkung der 
Stromabnehmer, sowie Erdung der Zufuhrungsleitungen 
zuganglich werden. Der Erdungsschalter ist zweipolig und 
verbindet in geschlossenem Zustande beide Schalterpole 
mit Erde, damit die Revision der Mascbine auch bei all- 
allf&llig herabhangenden Fahrdrahtteilen gefahrlos vor sich 
gehen kann. 

, ^ r . Hektrische Auslbsung des Hauptschalters 

dient ein in dessen Innern angeordneter Stromwandler, der 
auf das Hauptstromrelais (Pos. 78 im Schema) wirkt. Diese 
Anordnung des Stromwandlers hat sich auf Grund der bisher 
gemachten Erfahrungen als die zuverlassigste erwiesen, in* 
dem Kurzschlusse und Ueberstrbme, die infolge von Defekten 
Oder Ueberlastungen im Innern des Transformators oder 
auch im Hauptschalter selbst auftreten, unter alien Um- 
standen auf die AuslOsestromkreise des Hauptschalters 
wirken, wahrend dies bei den fruher iiblichen Anordnungen, 
mit besondern, nach der Oberspannnungs-Wicklung des 
Stufentransformators eingebauten Stromwandlern nicht 
der Fall war. ’ 

Die Stufentransformatoren sind als Kerntyp gebaut, 
und zwar fur die Lokomotiven Nr. 10401 bis 20 mit auf- 
recht_ stehendem Kern und konzentrischer Spulenanordnung 
(Abbildung 14), fur die folgenden Lokomotiven mit liegen¬ 
dem Kern und Scheibenwicklung (Abbildung 15). Die erste 
dieser Ausfuhrungsarten hat getrennte Ober- und Unter- 
spannungswicklungen, wahrend die letzte als Autotrans- 
formator geschaltet ist. Die Verschiedenheit in der Aus- 
fuhrung der Transformatoren ist begriindet in dem Be- 
streben, die thermisch reichlich bemessenen Triebmotoren 
bei entsprechender Erhbhung der Lokomotiv-Leistung voll 
ausnutzen zu kbnnen unter gleichzeitiger Verminderung 
des Transformator- und Lokomotiv-Gewichtes. S§.mtliche 
Transformatoren besitzen rechteckige Spulen, sowie glatte 
Oelkessel (Abbildung 14) mit Oelumlaufkuhlung durch be- 
sondere, kompendibs angeordnete Oelktihlergruppen (vgl. 
Abbildung 22). . Die Niederspannungs-Wicklungen bilden 
unter sich. zwei, nach der bekannten sogen. Plus-Minus- 
Schaltung in Sene geschaltete Gruppen mit gleichen abso- 
luten Spannungs-Stufen. Die den Triebmotoren zugefuhrte 
Spannung betragt maximal 536 Volt. Ferner besitzt die 
Niederspannungs-Wicklung Anzapfungen fur 800 und 
1000 Volt zum Anschluss der Zugsheizung. 

Alle Transformatoren sind ausgerustet mit einer durch 
das Lokomotivdach ins Freie fuhrenden Gasabzugsvorrich- 
tung, bestehend aus einem Rohrbogen, der einerseits mit 
dem Transformatorendeckel fest verschraubt und anderseits 






























m l ein r ? ewel ^ en flexiblen Stahl- oder Tombakschlauch 
verbunden ist. Dieser ist an das im Lokomotivdach ein- 
gesetzte, mit Schutzkappe versehene Abzugsrohr ange- 
schlossen und gleicht somit die zwischen Lokomotivdach 
und Transformator vorkommenden relativen Verschiebungen 
aus. wischen Schutzkappe und Abzugsrohr ist zur Ver- 
hinderung des Eindringens von Fremdkorpern ein Sieb 
angebracht. Ferner vermittelt ein an den Rohrbogen an- 
gesch ossenes, unter den Lokomotivboden fuhrendes Rohr 
en Ablauf von _ allfallig sich bildendem Kondenswasser. 

_ lese Ein rich tung dient zur Verhinderung des Ein- 
rmgens von Oelgasen in das Lokomotiv-Innere, die sich 
unter gewissen Umstanden infolge von Windungsschluss 

F a u u° rmat0r , entwickeln “nd, wie von einem bestimm- 
f . her noch ermnerlich, bei gewissem Mischungsver- 
haltnis mit der umgebenden Luft an den Schaltfunken der 
verschiedenen Apparate sich entzunden und zu Zerstdrungen 
fuhren kdnnen. Aus den gleichen Grtinden werden die in 
den StufenschaUerraum fuhrenden Niederspannungs-Lei- 
tungsbundel sowie die Anschlusstellen am Transformator 
sehr sorgfaltig gasdicht abgeschlossen. 

• DlC , StufmsGhcilter } von denen auf jeder Lokomotive 
zwei vorhanden sind, stellen, wie Abbildung 16 erkennen 
lass , ein sehr kompendifls gebautes System von mittels 
Nockenscheiben betatigten Schalthebeln mit zentraler Fun- 
kenlbschung dar. Sie bestehen je aus zwei, mittels Isolier- 
kupplungen mechamsch verbundenen und elektrisch ge- 
trennten Halften, von denen jede dem entsprechenden 
Schenkel einer der beiden Ueberschalt-Drosselspulen (Pos. is 
im Schaltungschema) zugeordnet ist. Mit Rucksicht auf die 
gewimschte Auswechselbarkeit mit den Stufenschaltern der 
fraher gelieferten C- % (i C-C i) Lokomotiven wurden die 
Stufenschalter zwOlfstufig vorgesehen, trotzdem hier nur ie 
neun Stufen ausgenutzt sind. Jede Stufenscbalterhalfte 
weist drei Doppel-Stufenhebel und einen mit Funkenlbsch- 
Kontakthebel verbundenen Hauptkontakthebel auf. 

Die beiden Stufenschalter jeder Lokomotive werden 
elektromotorisch oder von Hand, und zwar in bekannter 
Weise in Wechselschaltung gesteuert, d. h. es arbeitet ab- 
wechslungsweise nur je der eine oder andere, wodurch der 
Kraftaufwand fur die Betatigung auf ein Minimum herab- 
gesetzt werden konnte, was insbesondere bei Handsteue- 
rung ausserst gunstig zur Auswirkung kommt. 

Die Wendeschalter der mit Nutzbremsung ausgerusteten 
Lokomotive Nr. 10401 (Abbildung 17) werden elektro-pneu- 
mahsch gesteuert, wahrend die aller folgenden Lokomotiven 
mittels Gestange nur von Hand bedient werden (Abbildung 18). 

Dte Triebmotoren (Abbildung 19) sind, wie bei alien 
bisher von der Maschinenfabrik Oerlikon gelieferten Ein- 
phasenstrom-Lokomotiven, als kompensierte Serie-Motoren 
mit phasenverschobenen Hiilfsfeldern ausgefuhrt. Sie haben 
950 mm Kollektor-Durchmesser, sind mit 
einer 16-poligen Wicklung versehen, und 
wiegen je 10550 kg mit Zahnkolben. Sie 
leisten einstundigje 1100 PS am Triebrad- 
Umfang bei 400 Volt Klemmenspannung. 

Ihre charakteristischen Daten gehen aus 
Abb.2o,ihreSchaltungsweise ausdenkleinen 
Schaltschemata oben auf Abb. 10 (Tafel) 
hervor. Ihre Umsteuerung beim Fahrt- 
richtungswechsel erfolgt durch Umkehrung 
der Stromrichtung in der Erregerwicklung. 

Als konstruktive Neuerung bei den 
Triebmotoren soli die Anordnung derHaupt- 
und Hulfsfeld-Wicklungen hervorgehoben 
werden, die als fertig gewickelte Polspulen 
gebaut und unter Verwendung besonderer, 
als Kiihlkanale ausgebildeter Keile in den 
Statoreisenkbrper eingelegt und befestigt 
sind. Besondere Sorgfalt wurde ausser- 
dem auf die Durchbildung einer giinstigen 
und wirksamen Kuhlluft-Ftihrung im Stator 
und im Rotor gelegt. Die beiden Trieb¬ 
motoren werden kunstlich gekiihlt mittels 


Abb. 21. Vcntilatorgruppe der Triebmotoien. 

einer auf sie aufgebauten gemeinsamen Ventilatorgruppe 
(Abb. a 1). Die Kiihlluft tritt durch Jalousien in den Seiten- 
wanden ins Innere des Lokomotivkastens ein, wird durch den 
Ventilator angesaugt, durchdieMotorengedriickt und auf deren 
Kollektorseite in den separat verschalten Raum ausgeblasen. 
Ueber diesem Raum und zugleich uber den Motoren be- 
findet sich ein Dachaufsatz, durch dessen Jalousien die 
Kiihlluft wieder ins Freie gelangen kann. 
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Abb. 20. Zugkraft Z und Fahrgeschwindigkeit v der Lokomotive 
in Funktion des Motorstroms. 


Abb. 19., Triebmotoren der^Ae s / 6 -Lokomptiven in der Werkstatt. 











Abb. 22. Kuhlgruppe mit Oelpumpc und Rohrenkiihler fCr die Transformatoren. 


Abb. 23. Kompressor-Gruppe, Bauart Oerlikoti. 




Die schon erwahnte Trausformatoren-Riihlgruppe (Ab- 
bildung 22), besteht aus dem Rdhrenktihler fur das Trans- 
formatorenbl (links im Bilde), dem Ventilator mit Antrieb- 
motor und der Zentrifugal-Oelpumpe (rechts). Die Kiiblluft 
wird aus dem Lokomotiv-Innern durch den Kuhler ange- 
saugt und mittels eines Diffusors durch den Lokomotivboden 
auf den Bahnkbrper ausgeblasen. Um der lastigen und 
schadlichen Staubentwicklung beim Befahren von Bahn- 
ubergangen usw. vorzubeugen, sind beim Luftaustritt unter- 
halb der Lokomotive besondere Schikanen angebracht, wo- 
durch der Luftstrom abgelenkt und unschadlich gemacht 
wird. Der Ventilator absorbiert eine Leistung von 11,5 PS 
bei rd. 1800 Uml/min und fOrdert dabei 150 m 3 /min bei 
einem Gesamt-Druck von 160 mm WS. Die Zentrifugal- 
Oelpumpe erfordert eine Leistung von 2,5 PS und fdrdert 
nach Messungen an der fertigen Lokomotiv-Einrichtung 
etwa 250 1/min. 

Kompressoren. Zur Erzeugung der benotigten Druck- 
luft dienen bei den iiltern Lokomotiven dieser Serie 
Rotations-Kompressoren, bei den neuern als Kolbenmaschi- 
nen mit schnellaufenden Antriebsmotoren nach Abb. 23 
gebaute Kompressoren. Diese letzten fbrdern eine Luft- 
menge von 2000 1 /min, bezogen auf Ansaugezustand und 
7 at. Druck, nach 15 min Dauerbetrieb. Das im Kompressor 
eingebaute Zahngetriebe hat ein Uebersetzungsverhaltnis 
von 1 : 3. Dieser von der Maschinenfabrik Oerlikon ent- 



Abb. 24. Steuerkontroller. 


wickelte Kompressortypwurde auf Grund eingehender 
Betriebsversuche von den Schweizerischen Bundesbahnen 
fur samtliche Ende 1924 in Auftrag gegebenen grossen 
Streckenlokomotiven bei dieser Firma bestellt. 

Die Steuerkontroller bilden je einen kompletten Apparat 
mit alien fur die Fortbewegung der Lokomotive vereinigten 
und mechanisch gegeneinander verriegelten Betatigungs- 
schaltern fur die Stromabnehmer, den ITauptschalter, die 
Wendeschalter und die Stufenschalter, einschliesslich der 
Messinstrumente fur die Fahrspannung, den Fahrstrom und 
die beiden Triebmotoren. Die Verriegelung ist derart 
getroffen, dass bei Stellung „Abschluss" des Stromabnehmer- 
Betatigungshebels, des einzigen in der Nullstellung abnehm- 
baren Handgriffs, alle iibrigen Vorrichtungen des Kon- 
trollers blockiert sind. 

Um die Steuerung der Lokomotive bei gesenkten 
Stromabnehmern gefahrlos auf ihr richtiges Arbeiten unter- 
suchen zu kbnnen, ist ausser der Betriebstellung „IToch“ 
eine Stellung „Tief ,( des Stromabnehmer-Betatigungshebels 
vorhanden, in der der Steuerkontroller ebenfalls entriegelt 
und der Anschluss der Steuerleitungen an die Strom- 
quelle vollzogen ist, die pneumatische Speiseleitung der 
Stromabnehmer dagegen, statt an die Hauptleitung ange- 
schlossen zu sein, mit der Aussenluft in Verbindung steht, 
sodass die Stromabnehmer gesenkt bleiben. Die beiden 
Handrader der Stufenschalter-Steuerung, wovon das eine, 
nicht abnehmbare, fur elektrische und das andere, abnehm- 
bare, fur Handsteuerung bestimmt ist, kbnnen nur betatigt 
werden, wenn der 'W'endeschalterhebel in einer der beiden 
Betriebstellungen „Vorwarts “ oder „ Riickwarts “ sich be- 
findet. Anderseits ist eine Bedienung des Wendeschalter- 
hebels nur mbglich, wenn die Stufenschalter-Steuerwalze 
auf Stellung „o“ sich befindet, wie auch der Hauptschalter- 
hebel nur bei Nullstellung der letztgenannten Walze auf 
» Ei n“, dagegen jederzeit auf „Aus“ geschaltet werden kann. 
Der Hauptschalterhebel wird nach Ausfiihrung eines Schalt- 
manovers durch Federkraft in seine Nullage zurtickgefuhrt' 
als Ruckmeldung iiber die jeweilige Stellung des Haupt- 
schalters dient das Fahrspannungs-Voltmeter. 

Zwischen den Stufenschaltern und dem Hauptschalter 
besteht eine weitere, elektrische Verriegelung, indem die 
Zuleitung zum Hauptschalter-Antriebsmotor fiber die in 
Serie geschalteten Hulfskontakte der Stufenschalter ge- 
fuhrt wird, die nur in Nullstellung dieser Schalter geschlos- 
sen sind. Eine Einschaltung des Hauptschalters vom 
Steuerkontroller aus ist somit nur mbglich, wenn beide 
Stufenschalter vollstandig abgeschaltet sind. Die erwahnte 
elektrische Verriegelung verhindert falsche Schaltmanbver, 
z. B. wenn bei Revisionen die Stufenschalter von Hand 
betatigt und dann versehentlich unrichtig eingestellt wurden 


') Nanere Einzelheiten iiber diesen neuen 
^Bulletin Ocrlikon“ vom Mai 1924. 


Kolbenkompressor stehe 










Abb. 25. Schalttafel A im Ffihrerstand, geschlossen und offen. 


Schalttafeln. Die verschiedenen Hilfsschalter mit zu- 
gehSrigen Sicherungen, sowie die Ausloserelais, die Doppel- 
mstrumente fur Zugheizungs-Spannung und -Strom, das 
Batterie-Amperemeter und -Voltmeter und der automatische 
Anlassapparat fur die Motorgeneratorengruppe sind uber- 
sichtlich auf fiinf Schalttafeln verteilt. In der Skizze links 
unten auf dem Schaltschema, Abbildung 10 (Tafel) sind 
™S^ eSer Schalttafeln als Fahrerstand-Schalttafeln A, B 
(Abbildung 25), eme als Wechselstrom-Schalttafel C, eine 
als Gleichstrom-SchaHtafel D und eine als Relais-Schalt¬ 
tafel E bezeichnet. Die drei letzten befinden sich im Innern 
der Lokomotive im Kompressorraum an der Trennwand 
gegen den Triebmotorenraum. Ueber deren praktische 
und schdne Leitungsfuhrung gibt Abbildung 26 Aufschluss. 
Diese ferner lasst erkennen, wie die ankommenden Kabel 
durch kleine Karton-Etiketten bezeichnet werden. Alle 
Etiketten und die Anschlussklemmen, sind zwecks Erleich- 
terung der Montage und der Revisionen mit der im Schalt- 
plan angegebenen Leitungsnummer versehen. 

Als Schutz der Lokomotive gegen Ueberlastungen 
und Kurzschlusse sind vorhanden: Ein Maximalstromrelais 
mit Zeitauslhsung fur den Hauptstromkreis und drei Maximal- 
stiomrelais mit Momentauslosung, wovon zwei fQr die beiden 
Triebmotoren und das dritte fur die Zugheizung, samtliche 
auf den AuslOstromkreis des Hauptschalters wirkend. 

Der nun , seit langerer Zeit in grPsserer Anzahl in 
regularem Dienst stehende Lokomotiv-Typ A e3 / 0 ]1 hat sich 
als ein vorziigliches Triebfahrzeug erwiesen. Vor allem ist 
sein guter Kurvenlauf hervorzuheben j besondere Versuchs- 
fahrten auf der kurvenreichen Strecke zwischen Zug und 
Arth-Goldau haben gezeigt, dass die Lokomotive den Krum- 
mungen des Geleises nach beiden Fahrrichtungen, d. h. 
bei Fiihrung durch das zweiachsige Drehgestell oder durch 
das einachsige Bisselgestell in gleicher Weise ohne harte 
Stdsse oder Erschutterungen zu folgen vermag. Der Grund 



Abb. 26. Ruckseite der Schalttafeln D, C und E. 


dieses guten Kurvenlaufes ist einerseits in der gewahlten 
Unterteilung der Federabstutzung der Lokomotive, ander- 
seits aber vor allem in dem Umstande zu suchen, dass die 
schweren Motoren mit dem Antrieb und der Transformator 
mOglichst gegen die Lokomotivmitte hin konzentriert und 
hoch im Rahmen gelagert sind, sodass sich eine hohe 
Schwerpunktslage der Lokomotive ergibt. Der Antriebs- 
mechanismus arbeitet dank der guten Lagerung der Vor- 
gelegewellen und der weichen, in die Zahnkolben ein- 
gebauten Federung bei alien Geschwindigkeiten ohne jede 
btQsse und Vibrationen. 

Bis jetzt sind 32 Lokomotiven dieser Serie abgeliefert 
und in Betrieb, davon die ersten 15 seit mehr als einem 
Jahr; sie entsprechen auch in Bezug auf den elektrischen 
1 eil alien an sie gestellten Anforderungen. 
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Fig. 1. Six-coach trains of the London Electric Railway. 


Motor Coach Trains of the London Electric Railway. 


In the spring of 1924, and in the course of 1925, the London 
Electric Railway Company placed orders for 95 motor coaches, 
78 trailer coaches with driver’s cab and 55 ordinary trailer 
coaches, for operating the newMorden extension oftheCityand 
South London Railway, as well as for service on the Piccadilly 
and Golders Green lines. The electrical part of these coaches 
was supplied by the General Electric Co. Ltd., who built the 
equipments under licence to the designs of the Oerlikon Com¬ 
pany. The traction system is direct current at 550/600 volts. As 
the new motor coaches had to be suitable for use with the 
existing rolling stock on the lines in question, and their opera¬ 
tion ensured by means of multiple control, the mode of connec¬ 
tion of motors and gear was fixed from the outset. It was further 
laid down that the motor coaches were to be so arranged as to 
permit of the automatic control of any train composition — four, 
|§x or seven-coach trains — while provision was also to be 
made for non-automatic control for shunting operations. The 
following are the main particulars of motor coaches:— 


Hourly output measured a twheel 
rim 480 HP at 19.6 m.p.li. 
Hourly tractive effort measured 
at wheel rim 9200 lbs. 
Maximum tractive effort at start 
15400 lbs. 

Maximum speed 50 m.p.h. 

Average speed 20 m.p.h. 

Acceleration at start 

1.40 miies/h/sec. 
Average line pressure 575 volts. 
Minimum linepressure 400 volts. 
Gauge 

Diameter of drivingwheels 3' 4". 
Length over buffers 50 ft. 
Weight of the electrical equip¬ 
ment 10 tons. 

Weight of the mechanical part 
20 tons. 

Weight of the motor coach 

30 tons. 

Weight, of passengers 3 tons. 


to Edg ware 

Golders Green 

Camden Torn* 

Eustori^b-’-vi 




to Acton . . . , 

South Kensington 

to Hammersmith 


■ 
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Fig. 2. Simplified map of the Cit| 
London Railway, and the Pio 
Golders Green lines of the Lonii 
Railway Co. i 
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Mechanical Part. One of the special features of the mo¬ 
tor coaches is compactness of design, a condition imposed 
by the tunnels, which are circular in section, and have a dia¬ 
meter of only 11 ft. 8 Vi ins. For safety reasons, the coaches 
are made entirely of steel. The coach body is carried by two 
four-wheel bogies, the two driving motors being mounted on 
one of the bogies. In order to obtain the necessary clearance 
for the driving bogie, the floor of the apparatus cabin is dis¬ 
posed about 1 ft. 6 ins. higher than that of the passenger com¬ 
partment and the driver’s cab. The apparatus cabin is arranged 
immediately behind the driver’s cab and provided on either 
side with louvres for ventilation purposes. Doors are fitted 
at both ends of the apparatus cabin, in the centre, so as to 
enable the train staff to pass right through the coach. The 
passenger compartment of motor coaches is provided with two 
large doors, one on each 
side, half-way down the 
coach, apart from the 2 
smaller doors at the end 
remote from the apparatus 
cabin, while the trailer 
coaches have four. All 
coaches are equipped with 
automatic and hand brake. 

The coaches are heated 
electrically, the current 
supply for this purpose, as 
well as that for the lighting, 
being derived from the 
motor coach. For safety 
reasons, too, all cables are 
run in steel pipes, and the 
connections made in totally 
enclosed junction boxes. 

The driving bogies are of 
the standard British type 
and their fixed wheel base 
measures 6'4". The centre 
bolster is spring borne and the bogie is supported by the 
axle boxes through the intermediary of laminated springs. 

Electrical Equipment. The whole electrical control ap¬ 
paratus is concentrated in the apparatus cabin. The current is 
collected from positive and negative conductor rails located, 
respectively at the side of the track and between the two 
running rails. The four positive contact shoes are secur¬ 
ed to wooden beams resting directly on the axle boxes. Isola¬ 
ting switches are provided in the main circuit immediately after 
the contact shoes, by means of which it is possible to discon¬ 
nect from the supply the whole electrical apparatus, without 
interfering with the operation of the gear on the other motor 
coaches worked with the multiple control. The lighting, heating, 
compressor and no-volt relay circuits branch off between the 
contact shoes and isolating switches, so that these circuits 
are not cut off from the supply when the isolating switches are 
open. The driving motors, starting resistances and contactors 
are protected by means of two main fuses. A further safeguard 
is afforded by the two main circuit breakers, one on each pole, 


which are designed with double break and fitted with overload 
release.These main circuit breakers are provided with magnetic 
tic blow-outand operated electro-magnetically from the driver’s 
cab. The control of starting process is ensured by means of 12 
contactors per motor coach; the latter are also fitted with mag¬ 
netic blow-out and actuated electro-magnetically. Their nomi¬ 
nal rupturing capacity is 400 amps at 600 volts; tests have, 
however, shown that they could interrupt without difficulty 
800 amps at 600 volts. For the automatic control of switch¬ 
ing process, provision has been made on each contact for 
four interlocking contacts which are operated mechanically by 
the contactor. The starting resistances are built up of cast 
iron units, arranged in boxes, in sets of 20. Either motor 
can be cut out by means of a double-throw isolating switch, 
without this interfering with the switching process, the remain¬ 
ing motor being then con¬ 
trolled until full voltage is 
applied to its terminals. 
The starting up process, 
during automatic opera¬ 
tion, is controlled by me¬ 
ans of a current limiting 
relay; the latter actuates 
alternatively two sets of 
contacts, which in turn 
bring the contactors into 
play. The direction of ro¬ 
tation of motors is chang¬ 
ed by means of a double 
reverser,operated electro- 
magnetically. 

Both driving motors 
are, as stated before, 
mounted on one bogie; 
each machine can develop 
an hourly output of 240 
HP measured at wheel 
rim. The tests, as well as 
the trial runs carried out when the motor coaches were taken 
over, have shown that the heating of motors is far below the 
permissible limits. The motors are enclosed and designed 
with double-flow self ventilation; they are supported on one 
side by bearings on the driving axles and rest on the other 
side directly on the bogie transom through the intermediary 
of lugs or noses on the motor frame. The reduction gear, 
which is arranged on one side of motor is of steel, both 
pinion and spur wheel being of the solid type. The gear ratio 
is 1:4.19. The speed, in the case of the one-hour rating, with 
an average pressure of 575 volts, is 680 r. p. m. The efficiency 
of the motor is 89% at full load including the losses in the re¬ 
duction gear. The maximum speed is 750 r.p.m., which corres- 
pondsto a train speed of50 m.p. h. The motors areprovided with 
only two brush-holders, an arrangement which facilitates the 
inspection of commutator and brushes. The armature winding 
is a bar winding with mica insulation; the latter is prepared 
by a new process, by means of which it is possible to render 
the winding so compact and to make it fit so accurately in 



Fig. 5. Self-ventilated geared motor, 240 HP one-hour rating. 
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the slots that all danger of (he bars vibrating and, consequently, of the 
insulation getting damaged is eliminated. Furthermore, the bars are 
firmly held in the slots by steel wire bands at four places. In order to 
ensure good commutation, the motors are fitted with interpoles; the 
cross-section of the copper conductors used for the windings of the 
interpoles is the same as for the main poles. 

The master controller is built for automatic operation and comprises 
a control drum and a reverser drum. The control drum is arranged con¬ 
centrically on the spindle carrying the operating hand, and can revolve 
about it freely. When, however, the “dead man’s handle" device is de¬ 
pressed, the whole drum is raised by a special mechanism and the drum 
coupled to the spindle by two claws which come and engage correspond¬ 
ing slots. If the handle is now moved, the drum is carried along with 
it and the corresponding switching operations can take place. The con¬ 
troller itself has only four positions; the connections for the intermediate 

steps are ensured automatically by means of auxiliary contacts on the Fig. 4. Electro-magnetically operated reverser. 

contactors. The control drum is further 
interlocked with the reverser drum in such a way that the for¬ 
mer can only be actuated when the latter is set for “forward" 
or “reverse" operation. Should the dead man’s handle device 
be released in any running position, the control drum drops 
down, the claws securing the drum to the spindle become 
disengaged and the drum is brought back automatically to 
the “off" position, through the action of a spring, with the 
result that the motors are switched off. At the same lime, the 
brake valve opens, so that the train is brought automatically 
to a standstill. When starting up again, the handle of the con¬ 
troller has first to be moved back to the “off" position, after 
which the switching operations can be started afresh. 

The control circuits of the contactors and reverser as well 
as of the main circuit breakers are fed directly by the 600 
volt supply. In order that the resistance of the individual cir¬ 
cuits should remain approximately constant, the contactor coils 
which are cut out are replaced by corresponding resistances. 

The passage from one step to the next takes place without 
interruption of the main circuit. A minimum pressure relay 

Fig. 5. Master controller with iS P r0vided ’ which comes into play at a pressure Of 400 volts Fig . 6 . Electro-magnetically 
“dead man’s handle 11 device. or lower. This relay is fitted with a time lag device which operated contactor. 

delays its closing after an interruption, thus ensuring that all contactors drop out; the latter are 
then only permitted to re-close in sequence under the control of the accelerating relay. Hence, 
when crossing short gaps in the conductor rails, undesirable rushes of current are avoided. 


.... .. w . f = 

f pWwra HI 2 —^ 

It— 5 — mn 

. I!' i lx. " 




C’lt ui.*,: t ■*>' 



Fig. 5. Master controller with 
“dead man’s handle 1 * device. 


Fig. 6. Electro-magnetically 
operated contactor. 
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L = Output measured at Wheel rim, in HP. 
Z = Tractive effort, in lbs. 

V = Speed, in m.p.h. V = Efficiency. 
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Mechanical Part. One of the special features of the mo¬ 
tor coaches is compactness of design, a condition imposed 
by the tunnels, which are circular in section, and have a dia¬ 
meter of only 11 ft. 8 V 4 ins. For safety reasons, the coaches 
are made entirely of steel. The coach body is carried by two 
four-wheel bogies, the two driving motors being mounted on 
one of the bogies. In order to obtain the necessary clearance 
for the driving bogie, the floor of the apparatus cabin is dis¬ 
posed about 1 ft. 6 ins. higher than that of the passenger com¬ 
partment and the driver’s cab. The apparatus cabin is arranged 
immediately behind the driver’s cab and provided on either 
side with louvres for ventilation purposes. Doors are fitted 
at both ends of the apparatus cabin, in the centre, so as to 
enable the train staff to pass right through the coach. The 
passenger compartment of motor coaches is provided with two 
large doors, one on each 
side, half-way down the 
coach, apart from the 2 
smaller doors at the end 
remote from the apparatus 
cabin, while the trailer 
coaches have four. All 
coaches are equipped with 
automatic and hand brake. 

The coaches are heated 
electrically, the current 
supply for this purpose, as 
well asthatforthelighting, 
being derived from the 
motor coach. For safety 
reasons, too, all cables are 
run in steel pipes, and the 
connectionsmadein totally 
enclosed junction boxes. 

The driving bogies are of 
the standard British type 
and their fixed wheel base 
measures 6'4 7/ . The centre 
bolster is spring borne and the bogie is supported by the 
axle boxes through the intermediary of laminated springs. 

Electrical Equipment. The whole electrical control ap¬ 
paratus is concentrated in the apparatus cabin. The current is 
collected from positive and negative conductor rails located, 
respectively at the side of the track and between the two 
running rails. The four positive contact shoes are secur¬ 
ed to wooden beams resting directly on the axle boxes. Isola¬ 
ting switches are provided in the main circuit immediately after 
the contact shoes, by means of which it is possible to discon¬ 
nect from the supply the whole electrical apparatus, without 
interfering with the operation of the gear on the other motor 
coaches worked with the multiple control. The lighting, heating, 
compressor and no-volt relay circuits branch off between the 
contact shoes and isolating switches, so that these circuits 
are not cut off from the supply when the isolating switches are 
open. The driving motors, starting resistances and contactors 
are protected by means of two main fuses. A further safeguard 
is afforded by the two main circuit breakers, one on each pole, 


which are designed with double break and fitted with overload 
release. These main circuit breakers are provided with magnetic 
tic blow-out and operated electro-magnetically from the driver’s 
cab. The control of starting process is ensured by means of 12 
contactors per motor coach; the latter are also fitted with mag¬ 
netic blow-out and actuated electro-magnetically. Their nomi¬ 
nal rupturing capacity is 400 amps at 600 volts; tests have, 
however, shown that they could interrupt without difficulty 
800 amps at 600 volts. For the automatic control of switch¬ 
ing process, provision has been made on each contact for 
four interlocking contacts which are operated mechanically by 
the contactor. The starting resistances are built up of cast 
iron units, arranged in boxes, in sets of 20. Either motor 
can be cut out by means of a double-throw isolating switch, 
without this interfering with the switching process, the remain¬ 
ing motor being then con¬ 
trolled until full voltage is 
applied to its terminals. 
The starling up process, 
during automatic opera¬ 
tion, is controlled by me¬ 
ans of a current limiting 
relay; the latter actuates 
alternatively two sets of 
contacts, which in turn 
bring the contactors into 
play. The direction of ro¬ 
tation of motors is chang¬ 
ed by means of a double 
reverser,operated electro- 
magnetically. 

Both driving motors 
are, as stated before, 
mounted on one bogie; 
each machine can develop 
an hourly output of 240 
HP measured at wheel 
rim. The tests, as well as 
the trial runs carried out when the motor coaches were taken 
over, have shown that the heating of motors is far below the 
permissible limits. The motors are enclosed and designed 
with double-flow self ventilation; they are supported on one 
side by bearings on the driving axles and rest on the other 
side directly on the bogie transom through the intermediary 
of lugs or noses on the motor frame. The reduction gear, 
which is arranged on one side of motor is of steel, both 
pinion and spur wheel being of the solid type. The gear ratio 
is 1:4.19. The speed, in the case of the one-hour rating, with 
an average pressure of 575 volts, is 680 r. p.m. The efficiency 
of the motor is 89% at full load including the losses in the re¬ 
duction gear. The maximum speed is 750 r. p.m., which corres¬ 
ponds to a train speed of50 m. p. h. The motors are provided with 
only two brush-holders, an arrangement which facilitates the 
inspection of commutator and brushes. The armature winding 
is a bar winding with mica insulation; the latter is prepared 
by a new process, by means of which it is possible to render 
the winding so compact and to make it fit so accurately in 



Fig-. 3. Self-ventilated geared motor, 240 HP one-hour rating. 
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the slots that all danger of the bars vibrating and, consequently, of the 
insulation getting damaged is eliminated. Furthermore, the bars are 
firmly held in the slots by steel wire bands at four places. In order to 
ensure good commutation, the motors are fitted with interpoles; the 
cross-section of the copper conductors used for the windings of the 
interpoles is the same as for the main poles. 

The master controller is built for automatic operation and comprises 
a control drum and a reverser drum. The control drum is arranged con¬ 
centrically on the spindle carrying the operating hand, and can revolve 
about it freely. When, however, the “dead man's handle" device is de¬ 
pressed, the whole drum is raised by a special mechanism and the drum 
coupled to the spindle by two claws which come and engage correspond¬ 
ing slots. If the handle is now moved, the drum is carried along with 
it and the corresponding switching operations can take place. The con¬ 
troller itself has only four positions; the connections for the intermediate 

steps are ensured automatically by means of auxiliary contacts on the 4 - Eiectro-magneticaiiy operated reverser. 

contactors. The control drum is further 
interlocked with the reverser drum in such a way that the for¬ 
mer can only be actuated when the latter is set for “forward" 
or “reverse" operation. Should the dead man’s handle device 
be released in any running position, the control drum drops 
down, the claws securing the drum to the spindle become 
disengaged and the drum is brought back automatically to 
the “off" position, through the action of a spring, with the 
result that the motors are switched off. At the same time, the 
brake valve opens, so that the train is brought automatically 
to a standstill. When starting up again, the handle of the con¬ 
troller has first to be moved back to the “off" position, after 
which the switching operations can be started afresh. 

The control circuits of the contactors and reverser as well 
as of the main circuit breakers are fed directly by the 600 
volt supply. In order that the resistance of the individual cir¬ 
cuits should remain approximately constant, the contactor coils 
which are cut out are replaced by corresponding resistances. 

The passage from one step to the next takes place without 
interruption of the main circuit. A minimum pressure relay 
is provided, which comes into play at a pressure of 400 volts Fig. 6. Eiectro-magneticaliy 
F “dcid ii^an^s'hc^die^^evi'ce.' 1 or lower. This relay is fitted with a time lag device which operated contactor. 

delays its closing after an interruption, thus ensuring that all contactors drop out; the latter are 
then only permitted to re-close in sequence under the control of the accelerating relay. Hence, 
when crossing short gaps in the conductor rails, undesirable rushes of current are avoided. 



Fig. 5. Master controller with 
“dead man’s handle 1 * device. 


Fig. 6. Electro-magnetically 
operated contactor. 



Fig. 8. Characteristic curves of motors. 

Output measured at Wheel rim, in HP. 
Tractive effort, in lbs. 

Speed, in m.p.h. V = Efficiency. 
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Notes and News Items. 


750000 Volf Testing Plant. The plant in question, which 
is represented on this page, was recently built by the Oerlikon 
Company for the Universite Libre, Brussels. The whole equip¬ 
ment was erected before despatch at the Works, where a few 
guests of the Company had the opportunity of viewing this 
interesting installation. 

The plant comprises three oil immersed single-phase 
transformers arranged in series for a total pressure of 750000 
volts, one pole being earthed. The transformers are mounted 
on insulating supports of impregnated wood, the latter being 
treated with a special oil having the property of becoming 
entirely resinous after the impregnation process; in view of 
this, there can be no subsequent leakage of oil, as in the case 
of ordinary impregnated woods. The bushings of transformers 
are ordinary tubes of resinous paper without condenser sheaths. 
The three transformers are identical andinterchangeableatwill. 
The H.T. windings of the three transformers consist, in all, of 
about 100000 turns of copper strip with paper and cotton insu¬ 
lation. The total length of the copper strip used for the windings 
amounts to about 93 miles. Each transformer is designed for 
a continuous rating of 75 KVA at 340/250000 volts and has 
an overload capacity of 100 KVA for 2 hours. The plant can 
be used for any of the following conditions, by arranging the 
units as below: — 

1) 75 KVA 250000 volts 1 transformer alone 

2) 75 KVA 500000 volts 2 transformers in series 

5) 75 KVA 750000 volts 3 transformers in series 

4) 150 KVA 250000 volts 2 transformers In parallel 

5) 225 KVA 250000 volts 3 transformers in parallel 

6) 225 KVA 430000 volts 3 transformers star-connected for three- 

phase operation, with neutral point 

of H. T. winding- earthed. 

A pressure of 1500000 volts would be obtainable by using 
two similar sets of transformers connected as under 3. The 
highest permissible pressure, with the units connected in se¬ 
ries for 750000 volts, is 900000 volts for one minute, the plant 
being arranged in the usual way, with one pole earthed. 

Spark Gap. The H.T. pressure is measured by means 
of a spark gap; the latter consists of two spheres 5'3 3 / s " 
(1000 mm) in diameter, arranged one above the other, the 
lower one being connected to earth and the upper one to the 
H. T. terminal of third transformer. The two half spheres 
facing each other, between which the discharge takes place, 
are of cast copper, while the other half spheres are made 
of aluminium, in order to reduce the weight. Each sphere 
weighs about 505 lbs. The lower sphere is mounted on a ver¬ 
tical spindle and can be raised or lowered by means of a 
small servo-motor or by hand, the gap being variable, at will 
between 0 and 3'5 3 // (1000 mm). In order to be able to 
determine also the pressure,-without the need of a discharge 
across the spark .gap, a small concentric calotte, Vb n ! n " 
(450 mm) in diameter, is fitted at the top of the lower sphere, 
from which it is insulated. The value of pressure is then ob¬ 
tained by measuring the capacity current flowing over the 
calotte, by means of a milli-ammefer used in conjunction with 
rectifier tubes. 

The upper sphere of the spark gap is suspended from a 
side-bracket about 14' 9" (4.5 m) long, instead of being se¬ 
cured to the ceiling, as is usually the case; with the arrange¬ 
ment adopted, the crane runway above the spark gap remains 
clear so that the crane can travel without hindrance. The 


bracket, to which the upper sphere is suspended, is made 
of compressed resinous paper tubing, metallic parts being 
entirely dispensed with. 

For the purpose of the tests, temporary arrangements 
were made for a limiting resistance for the spark gap. This 
resistance, which was built up of three water-filled rubber 
pipes, each 16'5" (5 m) long, connected in series, had a 
value of about 800000 to 900000 ohms. 

Tests. Tests were carried out with the three transformers 
connected in series for 750000 volts and one pole earthed; dis¬ 
charges were produced across the spark gap at pressuresup to 
800000 volts, the distance between spheres being 1 7 10 13 /ie // (580 
mm) for the latter pressure and 1'8 3 / 8 " (520 mm) for the normal 
pressure of 750000 volts. Disruptive as well as brush dis¬ 
charges could be obtained by altering the mode of connect- 



I esting- transformers for 750000 volts and spark gap. 


ion of the induction regulator through which the current was 
supplied. Discharges were also produced between sparking 
points, for the purpose of comparing the results thus arrived 
at with those obtained with the spheres; at 750000 volts, the 
discharge took place with the points set at a distance of 
8 / 2 13 / 10 // (1900 mm). The strength of the field in the neigh¬ 
bourhood of the spheres of the spark gap may be gauged 
from the fact that, even at 15' 1" (4 m) from it, discharges 
took place in a spark gap with one point entirely insulated 
and the other connected to earth, across a distance of 7 13 / 16 " 
(200 mm), as soon as the pressure reached 750000 volts. 

Immediately after these tests, a few breakdown tests were 
carried out on two built-up porcelain insulators, one of these 
being 8' 8" (2900 mm) high and the other 6'6 n l 1Q " (2000 mm) 
high. With the former, the breakdown occurred at a pressure 
of 700000 to 780000 volts and, with the latter, at 620000 to 
660000 volts. 


244 















MSrkfos-Soibergfos power station. 

View of machine room with the seven 10,000-11,000 KVA generators provided for in the initial programme of construction. 
Spare floor space has been set aside between the fifth and sixth unit for accommodating further sets, 

when the installation is fully developed. 
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View of the Morkfos-Solbergfos power station and dam, taken at high water. 
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The Morkfos-Solbergfos Power Station, Norway. 


On the 1st. November of last year, the seventh three- 
phase generator built by the Oerlikon Company for the Mbrk- 
fos-Solbergfos power station was put into service, the unit in 
question being the last provided for in the initial programme 
of construction of this installation. Since then, all seven ge¬ 
nerators have been working continuously day and night, at 
full load, and have proved entirely satisfactory in every respect. 

The Morkfos-Solbergfos installation utilises the water of 
the Glommen, one of the largest rivers in Norway. The 
Glommen has its source in the basin of the Aursunden lake, 
north of Roros; it has a length of about 360 miles and flows 
into the sea near the town of Fredrikstad. The drainage area 
of the river amounts to about 15,500 sq. miles. 

The installation is situated 58 miles from the mouth of 
the river and 2 l / 2 miles below the Oieren lake which, with its 
area of 33 l / 2 sq. miles, constitutes an excellent regulating re¬ 
servoir for the power station. In winter, the smallest stream 
flow to be reckoned with is 52,000 galls/sec, while, in spring, 
when the snow is melting rapidly, the flow may rise to 660,000 
galls/sec. The power is supplied by the three waterfalls of 
Wittemberg-Halsfredsfos, Solbergfos and Morkfos, respect¬ 
ively, which represent a total head of 72ft. in winter and of 
52—56 ft. in summer. Once the 
river is regulated and the full 
programme of construction 
completed, the installation will 

becapableofdevelopingl30,000 . 

HP; the plant will then consist r 

of thirteen 11,000 HP sets, one 
of these being for standby pur- 
poses. The hydraulic works 

have already been carried out < 

for the full capacity of instal- ^ 

lation, but the power house it- —-=) 

self has, for the present, only Jj m j 

been built to accommodate 10 ffl 

sets. As stated before, all the ^ 

seven units provided for in the l k~'T T ~~ 

first part of the programme of ^ 

construction are now in oper- F 

ation. — The main dam is of P 

concrete and measures 570 ft. ^ 

along the crest. The width is & lootf^onl 1 

15 ft. at the top and 98 ft. at 

the base. The total height from | 

the lowest point to the crest 

amounts to 160 ft. In order to 

regulate the flow and the height 1 WrTWm |§(1 

of storage, provision has been 

made in the dam for three rol- ft Jpf 

ler sluices each 65 ft. long. 

The rollers are carried by, 

toothed wheel segments which W 


engage a rack and can be lowered or raised by means of 
sprocket chains. Each chain has to deal with a load of 155 tons. 

The power house has a width of 137ft. and a height of 
206ft. measured from base of suction pipe to roof; when the 
building is completed, it will have a length ot 492 ft. (see 
cross-section below and illustrations on opposite page). 

Approximately 4V 2 million cu. ft. of concrete, with 1500 
tons of iron for reinforcing if, were required for this instal¬ 
lation, the cost of carrying out the first part of the pro¬ 
gramme of construction, including interest during building, 
being Norwegian Krs. 65,000,000. The power station is 
owned jointly by the City of Oslo and the Norwegian State, 
in the proportion of 2 to 1. 

The whole output, including the share of the State, is, 
at the present time, taken by the City of Oslo, which has a 
load rising to 70,000 KW in the winter. The power is trans¬ 
mitted at 60,000 volts by means of five three-phase lines, three 
with a section of conductors of .147 sq. in. and two with a 
section of conductors of .108 sq. in., over a distance of 25 
miles, to the substation of Toien in Oslo, where the distri¬ 
bution takes place, it may be of interest to mention that 
Oslo is one of the few large cities in Europe, where electric 

current is used, on a very ex- 
tensive scale, for cooking and 
/ \ heating purposes, a develop- 

f- _A ment which has been greatly 

====== favoured by the low rate charg- 

~ \ ed for current there. In fact, 

the current is supplied to the 
householders in the city at a 
rate of Norwegian Krs. 180.— 
per KW for the whole year 
and can be used without re¬ 
striction for lighting, cooking 
and heating. 

The general arrangement 
of turbine and generator is 
shown in the illustration on the 
next page, which represents a 
section through one of the sets. 
The turbine is a low head 
Francis turbine with a specific 
speed of 565 rpm. It can de¬ 
velop 11,000 HP, when operat¬ 
ing under a head of 69 ft. and 
at a speed of 150 rpm. The 
runner is of steel, and cast in 
one piece; it is fitted with pres¬ 
sed steel vanes. The helical 
casing at the inlet of turbine, 
as well as the suction pipe, 
A ■ | are made of reinforced con¬ 

crete, the suction pipe being 
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lined with sheet iron. The turbines where manufactured by The stator is in four parts weighing- each 14 ions* it 
the two Norwegian turbine makers, Kvarner Brug and Myrens rests on a bedplate also made in four parts. The bed late 
Verksted. The complete generator plant, including exciters, has four projections to which the lower bearing suoDort is 
were, as already stated, supplied by the Oerlikon Company, secured; this support is so dimensioned that it can carry the 
The illustration on the front^ page shows the machine room, 60-ton rotor, when the latter is lifted on hydraulic jacks for 
in its present initial state, with all seven units in operation, the purpose of dismantling the thrust bearing. The bore of 

The generators are continuously rated and designed to the stator measures 17' 2 n L."\ the total width of ;<= 
the following particulars:— ‘ 

Capacity, 10,000-11,000 KVA. 

Frequency, 50 cycles. 

Pressure, 10,000-11,000 volts. 

Number of poles, 40. 

Current per phase, 580—605 

amps. 

Power factor, 0.75. 

Speed, 150 r. p. m. 

Flywheel effect, 5400 tons at 

1 ft. radius. 

The shafts of sets are 
56 ft. long and subdivided 
by a flange coupling. Pro¬ 
vision has only been made 
for three guide bearings; 
the lowest of these bearings 
is on the turbine and the 
two upper ones are fitted to 
the generator. The thrust 
bearing is arranged on the 
top of the generator; this 
bearing has to deal with the 
whole weight of the rotating 
parts of generator and tur¬ 
bine, as well as with the 
thrust due to the water pres¬ 
sure, which represent to¬ 
gether a load of 150 tons. 

As the portion of gene¬ 
rator foundations situated 
in a transversal direction in 
relation to the machine room 
is intersected by the fresh 
air and warm air channels 
as well as by the cable 
ducts, it was advisable to 
depart from the arrangement 
with multiple arm support 
where the heavy weight of 
the rotating parts would have 
been evenly distributed over 
the stator of the generator 
and the foundations, and to 



2 '7 l /a". The stator winding 
consists of former wound 
concentric coils placed in 
open slots. The total num¬ 
ber of slots is 240, which 
corresponds to two slots per 
pole and phase. Each slot 
contains five conductors; 
these conductors are them¬ 
selves split info four layers, 
insulated from each other 
and linked up in such a 
way as to ensure cyclic per¬ 
mutation, and thus reduce 
the eddy current losses due 
to thelongitudinal and trans¬ 
versal field in the slots to 
a minimum value of 55% of 
ohmic losses. 

The insulation of wind¬ 
ings in the slots consists 
exclusively of heat resisting 
mica preparation which has 
the same dielectric strength 
at all temperatures encoun¬ 
tered in the windings. 

Each stator coil is dried 
in a vacuum tank where all 
traces of air are removed 
from the insulation; imme¬ 
diately after this operation, 
the coil is impregnated with 
compound with a high di¬ 
electric strength, which is 
applied under pressure by 
means of a process which 
ensures that the inclusion 
of air in the coils is, as far 
as possible, prevented. 

The ends of the stator 
coils are protected against 
the effects of electro-dyna¬ 
mic stresses, due to short- 
circuits in the windings, by 


use instead a single voke disnosod in * .. . circuits in the windings, by 

Hon, in order to concentrate the weight chiefly on the massTve" SUPP ° r * S ' ^ deSign ° f * hese SUpp ° rtS is such thaf ’ 

concrete piers between the units. This yoke which is about 
45it. long is of cast iron, and made in one piece; it weighs 


20 tons and is designed for a load of 160 tons (see left- 
hand illustration on next page). 


even at the highest working pressures, there is no possibility 
of discharges, due to ’’corona effect” occurring at any point 
of winding. The right-hand illustration on next page shows 
four stator quarters complete with winding, ready for despatch. 

The 60-ton rotor had to be made in several parts in 
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Older to keep the dimensions within the permissible limits 
or transport. The rim is built up of four rings of S.M. steel, 
keyed on a cast iron spider, made in two parts and provid- 
e with ten spokes; each ring is made in two halves se¬ 
cured together by means of oval chromium-nickel steel shrunk 
rings, arranged in milled recesses. In the space between the 
individual rings, provision has been made for ventilation 
> ades, which permit of the effective cooling of pole coils 
and stator core, while the fans mounted at either end of the 
t olor serve to cool the ends of the coils of the stator winding. 

A pneumatic brake is arranged below the rotor between 
the latter and the lower bearing support; it consists essen¬ 
tially of a brake ring secured to the spokes of the rotor, 


trie contact which causes the operation of an alarm bell and 
gives a warning to the attendant, in the event of excessive 
rise in temperature. 

As regards the generators themselves, they are each pro¬ 
vided with thermo-couples in four of the stator teeth, with 
indicators on the switchboard, which give the temperature of 
iron next to the winding, at any lime. 

The generators are of the totally enclosed type and self 
cooled. The fresh air is drawn in from the downstream side, 
and, after passing through the heat producing parts of the 
generators, is blown out on-the upstream side. The hot air 
is used, when required, for tempering the air of the sluice 
chambre and the apparatus rooms. 


and of four compressed air cylinders with piston, mounted 
on the bearing support. These brake cylinders are operated 
by compressed air at 210 lbs. per sq. in. The control valve 
of the brake cylinders is interlocked in such a way that it 
can only be operated when the guide vanes of the turbine 
are completely closed. This brake is mainly intended for 
bringing the set rapidly to a standstill in the event of defect 
in the machine, the time required being only 2 to 3 minutes. 

The bearing surfaces of the thrust bearings are immer¬ 
sed in oil, which is cooled by water by means of a copper 
cooling coil. The lubrication and cooling of the guide bear¬ 
ings is ensured by providing an ample circulation of oil, 
through the use of a geared oil pump, mounted below the ge¬ 
nerator. The guide bearings as well as the thrust bearing 
are each fitted with two distance thermometers, one with indi¬ 
cator in the machine room and the other with indicator on 
the switchboard; each thermometer is provided with an elec- 


The exciters are arranged immediately above the thrust 
bearing; they are built as shunt generators for a maximum 
continuous output of 94 KW at 240 volts. The pressure re¬ 
gulation of generator is ensured exclusively by varying the 
excitation of exciter, a quick acting regulator being used for 
the purpose. The sliprings of the generator are arranged 
above the exciter; they are made of forged S. M. steel and 
connected to the field coils of the machine by means of con¬ 
ductors running through the hollow shaft. 

The first, second and seventh generator were fully tested 
at the Works of the Oerlikon Company. The tests of the 
third, fourth, fifth and sixth generator were, however, con¬ 
fined Jo the insulation tests of windings and the overspeed 
tests of completely assembled rotors. 

We are giving below a section through a stator slot and 
also an oscillograph of the generator pressure taken at J0,000 
volts, together with the characteristics of the generator, the 
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loss and efficiency curves, and the characteristics of exciter. 
The efficiencies were determined by the individual loss me¬ 
thod. The values measured exceeded the guarantee figures y 
1.5% at full load and by 3.8 % at half load and power factor .75. 

The stator winding after being completely assembled, was 
subjected to an A. C. test pressure of 30,000 volts at 50 cycles 
for 15 seconds and, immediately afterwards, to a pressure 
of 22,000 volts for five minutes. The insulation between t e 
individual turns of the stator coils was tested with a pres¬ 
sure of 11,000 volts applied for 15 seconds. The field coi s 
and the exciter were subjected to a pressure of 2000 volts 
for a period of 15 seconds, and, immediately afterwards, to a 
pressure of 1500 volts for five minutes. After the pressure 
tests, the stator winding was subjected to sudden short-cir¬ 
cuits, with the machine running at normal speed and opera¬ 
ting at 12,000 volts. During the overspeed trials, the rotor, 





with its own thrust bearing as support, was subjected to 1.8 

times normal speed for five minutes. 

It has only been possible to carry out, up to now, in 
the power station, a full load test on one generator. During 
this test the load, pressure and speed were kept as con¬ 
stant as’possible for 8% hours. The maximum temperature 
rise obtained at the end of the full load run was, in the case of 
the stator and rotor windings, 10® C below, and in the case 
of the stator core, 20° C below the guaranteed value ot 60 C, 
In conclusion, it may be said that the generators have 
entirely fulfilled all requirements, during continuous service, 
both in the matter of overload capacity, pressure regulation 
and parallel operation, as well as in regard to ability to with¬ 
stand short-circuits. The machines are further characterised 
by very smooth running and practically noiseless operation 
from no-load to maximum overload. 

hW 
300 | 


Section through 
a stator slot. 


Oscillograph of generator pressure, 
taken at light load, 10,000 volts, 150 rpm. 
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Notes and News Items. 

Fans and blowers. It is a well-known fact that fans and attention to the matter and succeeded in determining the cause 
blowers, with impellers running at high peripheral speeds, emit, of this phenomenon and preventing its occurrence. 2 ess 
in addition to the usual hum, a whistling note which is, as a they carried out some time ago in this connection have u y 
rule, very disturbing and may even necessitate the provision of confirmed their views as to the origin of the trouble and s town 
special silencers.. The Oerlikon Company have, devoted much that the whistling was not merely due. to the high pertp lera 
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speed but also, and in a greater measure, to the design of 
impeller. As a result, it was found possible, by taking these 
factors into consideration, to build an impeller which was 
quite free from whistling, and practically noiseless in operation, 
when running at the same peripheral speed and in the same 
casing as an impeller of the old type. A further advantage deriv¬ 
ed from this modified design was the increasede delivery ob¬ 
tained. The curves I and II in the chart below represent the per¬ 
formance of the blower before and after alteration. As can be 
seen, the increase in delivery is quite considerable. An accur¬ 
ate comparison is possible here, as the inlet and outlet angles 
of impeller where the same in both cases. It must, however, be 


in#.water 
column 


% 

100 20 8 


50 10 4 



Total 

pressure 


Power con¬ 
sumption 


Efficiency 


carefully designed and very accurately shaped. There are no 
dummy conductors. 

5) The field coils are of moderate thickness, so that no 
great differences in temperature can occur in the coils. 

6 ) The motors have four identical interpoles. 

7) The armature is mounted on a sleeve, so that the shaft 
can be easily pressed off. Fig. 1 shows a motor of this series. 

The cooling effect in this type of motor has been thor¬ 
oughly investigated in the test room at the Oerlikon Works. 
On the other hand, in order to ascertain to what extent to¬ 
tally enclosed and ventilated motors differed from each other 
in the matter of heating during operation, the temperature 
rise of motors was subsequently calculated for the conditions 
of service encountered on the three most unfavourable lines 
of the Zurich tramway system, by making use of the results 
obtained at these tests. The lines in question were those oT 
Heuried—Allmend Fluntern, Letzigraben—Rehalp and Tiefen- 
brunnen—Irchelstrasse. The profile of these lines as well as 
the stopping places and running times are given in Fig. 2. 
Thanks to the facilities afforded by the Tramway Authorities, 
it was possible to check these calculations in the case of the 
Tiefenbrunnen—Irchelstrasse line, by actual measurement dur¬ 
ing a special run arranged for the purpose. 

The calculations refer to motors sizes TM152 and EM52c, 
such as used on these lines, and give the temperature in the 
warmest part of the machines, i.e.,the field winding. The fol¬ 
lowing are the main particulars of the motors:— 


o 1750 3500 5250 7000 cu.ft./min. 

pointed out that the curves are not intended to show what 
are the highest efficiencies obtainable with blowers, but only 
to indicate what improvement can be secured by altering the 
design of impeller. In view of the increase in delivery thus at¬ 
tained, a lower peripheral speed can be adopted than with im¬ 
pellers of the old design, for a given quantify of air and pres¬ 
sure, and a further reduction of noise obtained in this way. 

Recent developments in the design of tram motors. 

The use of ventilated motors for tramway purposes has been 
steadily increasing, ever since experience has shown that 
modern motors could work in a reliable way, even when full 
of dirt. Ventilated motors present several advantages in the 
case of tramcar equipments. The motors can be made smaller 
and lighter, the diameter of driving wheels, wheel base and 
unsprung weight can be reduced, while the gear ratio, the 
motor speed and output can be increased. The conditions are 
also more favourable for the mechanical part of tramcar and, 
finally, the specific motor output required is lower. 

The Oerlikon Company have, as the result of experience 
gained during recent years, produced a series of such ven¬ 
tilated traction motors for small outputs. The following are 
some of the principal features of these machines:— 

1) The armature is fitted with a fan, which draws the 
cooling air, through the openings on the commutator side, 
past the field coils, over the armature surface, and through 
the armature core. 

2 ) All windings are insulated in such a way as to ensure 
reliability in service, even when they are clogged with dirt. 

5) The air passages are so arranged as to prevent, as 
far as possible, the accumulation of dirt and dust, specially 

^ 4 ) The armature winding consists of former wound coils 



Fig. 1. Self-cooled motor, size EM32c, such as used on the Zurich tramcars. 


Mntnr size M 132 EM 32c 

Design Totall L e ^ OSed 43 5 KW 

One-hour rating at 600 volts 53 KW ■ £ 

Continuous „ „ 600 „ about 25 KW 34 KW 

Motor weight, complete 3000 The results 

The total train weight was.taken as 24 tons. Th 

of the calculations are given in Fig. 5. As can be. 
self-cooled motor, owing to its smaller heat capac y, 
up more rapidly; afterwards, however, its temperature rem 
far below that of the totally enclosed motor. 

During the trials on the Tiefenbrunnen-Irchelstrasse line, 

the temperature readings were taken on a motor, siz M 
Four upgrade and three downgrade runs were came 
w?th a* 1 total train weight of 24.7 tons. There were stoppages 
Tvi. ieS, as an average, a, 178 of the 205 sfopping places. 
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1500 Volt D. C. Express locomotive for the Paris, Lyons and Mediterranean Railway. 


After having described in the last issue the new freight 
locomotives for the Paris-Orleans-Railway, we now propose 
giving a few particulars regarding the express locomotive 
for the P. L. M. Railway, which the Societe Oerlikon of Paris 
and the Societe de Construction des Batignolles are also 
supplying. 

This locomotive is primarily intended for trial purposes 
as, in this case, it has been decided to test various types of 
locomotives before placing final contract. The specification 
of locomotive was prepared by the Bureau Central d’Etude 
de Material de Chemins de Fer, which has been studying, at 
the request of the P. L. M. Railway, the electrification of the 
Culoz-Moclane line. The locomotive is to be capable of dealing 
with gradients having a maximum value of 1 in 35 and curves 
with a minimum radius of 395 feet. The following are the 
main data of locomotive: 

Speed on gradients of 1 in 33, during 5 minutes: 

with parallel connection of motors.28.5 m. p.h. 

with series-parallel do.13.6 m. p. h. 


Normal speed (one hour rating) on gradients of 1 in 67 31 m. p. h. 

Normal speed (continuous rating) on gradients oft in 20 

with full field of motors. 38.5 m.p. h. 

with field reduced to 75"/o. 43.4 m.p.h. 

with „ „ „ 50% . . .. 49.6m.p.h. 

Normal speed (continuous rating) on level: .... 52.8 m. p. h. 

Maximum speed on level. 68.2 m.p.h. 

Tractive effort at wheel rim, during 5 minutes, at 13.6 

or 28.5 m. p. h... 41400 lbs. 

Tractive effort at wheel rim (one hour rating), at 31 m. p. h. 28600 lbs. 

Tractive effort at wheel rim (continuous rating), at 43.4 

or 49.6 m. p. h. 13600 lbs. 

Tractive effort at wheel rim (continuous rating), at 

52.8 m. p. h.. 8800 lbs. 

Maximum tractive effort at wheel rim . 47500 lbs. 

Output at wheel rim, during 5 minutes, at 28.5 tn. p. h, 3200 HP. 

Hourly output at wheel rim, at 31 m.p. h. . . . . . 2400 HP. 

Continuous output, at wheel rim, at 43.4/49.6 m. p. h. 1600/1840 HP. 

Continuous output, at wheel rim, at 52.8 m. p. h. . . 1250 HP. 

Diameter of driving wheels.5ft. 3!n. (1600mm) 

Length over buffers . . .65ft. 7in.(20000mm) 

Fixed wheel base of bogies.. 9ft. 2in. (2800mm) 

Wheel base of guiding truck.6 ft.10 in. (2100mm) 

Total Wheel base. ...55ff. 9in.(17000mm) 
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Distance between centre pins.38ft. 4in.(11 700mm) 

Total weight. . ... lons - 

Weight of electrical equipment . .. 67 tons. 

Weigth of mechanical part .. 43 tons. 

The coach body of locomotive is carried by two bogies 
and rests on spherical centre pins and lateral spring borne 


Fig. 2. Outline drawing of locomotive. 

ft. 4in.(it 700mm) The locomotive is provided with driver’s cab at either end 

ions' and apparatus compartment between the two; the driver’s cabs 
43 tons', are connected by two gangways, running along the sides of 
by two bogies apparatus compartment; in view of the position of gangways, 
1 spring borne it has been possible to arrange them outside the longitudinal 
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bearing blocks; each bogie has, in addition to the four dri- girder of underframe, gangway and side of coach body being 
ving wheels, a’small guiding truck, which supports the ex- overhung at bottom of girder. The girders are very solidly built 
tension of bogie frame. ^r+l 4 __L =? t 

The two bogies are iden- T 

lical. The bogie frame consists 
of side frames of steel plate jMj 
with solid cross bracing. The jM 
outer extremity of frame is jl ija— 
provided with the standard buf- ~~jHj.| 
fer equipment in use on the J j- U, 

P. L. M. Railway and is arran- | jl 

ged for taking snowploughs uj jj,- 

of the special P. L. M. design; Jj I—jj— 

the inner extremity is fitted \ Ij j - 

with coupling gear for linking TT 
up the two bogies. The bogie jj 

frame is spring borne and j —14- 512 - 4 ^-j j! \ I 11 T | / 

supported at three points, j . M ! |_ \ L* -/ _ 

namely, at the front, on jj j. I !! (--—- map/- -_ 

guiding truck and, at the jj jj , , , , j! jj 

rear, on either side of bogie; *--u 
the weight applied to the two / 

rear points of support is di¬ 
stributed between the driving r f! stz 
wheels by means of laminated ]■ I! 

springs and equalizing beams, jj !j_^ _ 

The design of bogies si “if 
similar to that adopted in the jj Ij § 
case of the bogies of steam jj j j 
locomotives of the P. L. M. jj !j 
Railway. _jj_ j j 

Individual drive with twin j j 
motors is used in the case of ij jl . 
each driving axle. The torque !j |j 
of motors is transmitted to jj ij § 

wheels by means of axle gears _j_PTC 

■mounted on quill, working in j j^- 
conjunctionwith flexible coup-, j !j 

ling; the latter coupling is of _N sjz 

.a similar design to that adop¬ 
ted by the Oerlikon Company — 

for the new motor coaches Of >i g . g and 4. Twin D. C. traction motors L _ 7/vl [~rn 

the Burgdorf-Thun Railway*). and characteristics of one of the machines. \cL _ 192. yw. _J w nmp. 


One hour rating 


HE 


6160 86.9 f 


5280 74.51 


4400 62.1 


■ 3520 49.61 


2640 37.6 L 


1760 24.81 


880 12.4L 


*) See Bulletin No. 9, 1922. 


Fig. 3 and 4. Twin D. C. traction motors 
and characteristics of one of the machines. 

Z — Tractive effort at wheel rim, in lbs. 
v — Speed, in miles per hour. 
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and strongly braced; they carry on their upper part a chequer 
plate flooring on which is mounted the high tension gear, while 
the space between girders and below flooring affords ample 
room for air ducts, cable connections, etc. In order to facilitate 
erection and dismantling of gear, the whole roof is made in a 
number of sections which can be removed individually. The 
resistances are arranged in the raised portion of roof provided 
above the central part of locomotive and over fan set. The two 
compressor sets and the motor generator set for regenerative 
braking are arranged in the front extension of bogie frame. 
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the control of apparatus, as well as for lighting and for char¬ 
ging the battery of accumulators. The motor driving the set 
is designed so as to have approximately the same speed at 
all loads; the exciter, on the other hand, has two windings, 
one of which is for the excitation of machine and the other 
for stabilization purposes during regenerative braking. 

The locomotive is fitted with two double reversers with 
five positions, namely, four positions for forward and reverse 
operation and for regenerative braking in both directions, 
and one zero position where the corresponding twin motors 
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Fig. 5. Diagram of connections 
of main circuit. 


The locomotive is equipped with automatic and non automatic air brake, 
with two brake blocks per driving wheel and one per guiding wheel. These 
brakes are capable of dealing with 75 to 80% of the weight supported by 
driving wheels and 55 to 60% of that carried by guiding wheels. The 
hand brake is combined with the air brake; it, however, only acts on dri¬ 
ving wheels. A signalling equipment with indicator for showing when sig¬ 
nals are at danger and a recording speed indicator of the Flaman type are 
fitted in driver's cab. Reliable sanding for forward and reverse operation 
is ensured by means of compressed air. The electrical equipment of the 
locomotive is very similar to that of the goods locomotives of the Pans- 
Orleans Railway, as the same diagram of connections has been used for 
main circuit of motors, in both cases; the only essential differences be¬ 
tween the two reside in the design of motors and in lhe fact that regenera¬ 
tive braking is provided here and not on the Paris-Orleans locomotives. 

The motor equipment comprises four sets of twin motors, with forced 
ventilation; each set has a guaranteed hourly rating of 2X500 HP. at the 
normal pressure of 2 X 675 volts, while the output for five minutes at 
the same pressure, is 2 X 400 HP. The cooling air is supplied by a fan 
set of the vertical type; the latter is fitted with two fans, which serve to 
cool the motors and the resistances, respectively. An exciter set having an 
output of about 50 KW is provided for exciting the traction motors, when 
using regenerative braking; this set also supplies the necessary current foi 



2 4 6 8 10 
Reverser 


P Pantograph 
Fu Fuse 

Se Isolating switch 
B Lightning arrester 
P Starting resistances 
M Motors 
Fr Collector shoes 
Sh Shunt of field 
T, S, SP, G, /, P, E, F 
Contactors 
C Auxiliary circuits 
EP Exciter 

RS Stabilizing resistances 



Fig. 6. Air compressor. 
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are cut out. If one or several motors are out of service the 
reverser is moved to the zero position, the locomotive can 
then be started with the other motors in series and operated 
with these motors only. 

The particulars given in the article dealing with theParis- 
Orleans locomotives regarding the gear for normal operation 
of locomotives applies to the present case too. As regards the 
equipment for regenerative braking, it includes, in addition 
to the gear already referred to above, the necessary contactor 
gear for grouping motors and a few additional contactors. 

There are still a certain number of features deserving 
special notice. Mention can be made, for instance, of the fact 
that the battery of accumulators has a rather large capacity, 
namely, 200 amp-hours; this high value was adopted in view 
of regenerative braking. The battery can be charged eithei 
by the exciter or by means of the current flowing through 
the motors of fan and exciter sets. The design of the master 
controller is also of particular interest; only three handles 
are used for normal operation and regenerative braking; it 
is even hoped to reduce this number to two after the trials 
have been carried out. 


Length of principal lines. 

Paris-Orldans Railway. 
Paris-Vierzon 128.5 miles 




In view of the fact that most accidents on locomotives F, *pl 

with regenerative braking are due to faulty operation Ot gear already in hand are indicated by thick lines, 

by driver, it is essential to adopt a system as simple as pos¬ 
sible so as to eliminate all possibility of error in manipula- .... „ 

tion. The special Oerlikon controller fitted on the locomotives order to prevent short circuiting of motors through skidding 
can be said to satisfy entirely these requirements; the same of wheels; the driver can, however, still use the air brake 

for the rest of train, should he deem it necessary, for any 
reason; as soon as regenerative braking ceases the air brake 
can be applied again to driving wheels of locomotive. The 
other automatic feature comes into play in the event of fail 


handle is used both for normal operation and regenerative 
braking, the changing over from one mode of working to 
the other being effected by the reverser; regenerative brak¬ 
ing can be applied at any speed without fear of the rush of 
current, due to the connections of motor not corresponding to 
the speed in question, causing any damage to motor windings; 
under normal conditions the driver does not have to trouble 
about excitation of motor as it is regulated automatically. 

In spite of these various measures which, under normal 
conditions, eliminate all danger at time of switching in, it is 
still necessary to consider the possibility of the line contac¬ 
tors opening during regenerative braking owing to operation 


ure of regenerative braking; in such a case the air pres¬ 
sure is gradually reduced in brake mains and the driver 
can then either apply the non-automatic air brake. 

The first locomotive of the Paris-Orleans Railway and 
the locomotive of the P. L. M. Railway are to be put into 
service in the course of this year. As the trial runs will af¬ 
ford the opportunity of collecting valuable data in connection 
with these locomotives, we propose supplementing this short 


iura u^ciiuiy uuimg i uhvv, uiu.vm & r- ---- - ' * • : . 

of relays for any reason. In order to allow for such a con- description then with information regarding the various ques- 

tingency provision had to be made for another means of bra- tions of special interest, 
king such as would come into play automati¬ 
cally in place of regenerative braking, in case 
of emergency. At first sight it would have seem¬ 
ed that resistance braking was the solution 
best suited to meet the conditions; after care¬ 
fully going into the matter it was, however, 
realized that, if complications were to be avoid¬ 
ed as far as possible, it was essential that the 
emergency brake should be quite independent of 
the line pressure and of the rest of apparatus, 
this being the only way of preventing the auto¬ 
matic operation of brake from being affected by 
a short circuit or by the breakdown of a motor. 

The Oerlikon Company, acting upon the 
suggestions of the P. L. M. Company, has 
adopted a very simple solution which consists 
in the use of the air brake for the purpose in 
question. The locomotive is thus provided with 
two automatic features; one of these serves to 
isolate the brake cylinders of driving wheels, 

when regenerative braking is resorted to, in Fig. 8. General view of the works of the Soci6t£ Oerlikon, at Ornans (Doubs). 
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PERIODICAL COMMUNICATIONS 

No. 103 OERLIKON March 1922 


Three-Coach Electric Trains 
of the London & North Western Railway. 



Fig. 1. L. & N. W. Rly Train Unit. 

Three-Coach Train, 1000 HP, 630 Volfs, current collected from 3rd and 4th rail. 


INTRODUCTION. 

The Oerlikon Company has not merely devoted its attention, in the matter of Elec¬ 
trification of Normal Gauge Railways, to the single-phase and three-phase systems, but 
has also in recent years, produced a highly successful design of motor coach equipment 
for D. C. fraction, the motor coaches in question being for the Suburban Service of the 
London & North Western Railway. The following are a few particulars regarding them:— 
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Each motor coach is equipped with four motors having each a one hour rating of 
250 H. P.; these motors are geared to the axles and suspended in the usual way with 
rubber compression pads between suspension lugs and the transom. A train speed of 
44 m. p. h. can be attained with drawbar pulls reaching 21,000 lbs. Multiple control is 
provided from any driver cab. 

In 1913 the London & North Western Railway Co. placed its first contract for elec¬ 
trically operated Three^Coach Trains for their new Electric Suburban Lines, Euston— 
Watford, Broad Street—Watford, Broad Street—Kew Bridge and Broad Street—Richmond, 
Direct Current at 630 volts being chosen as current system. 



The underframes, bogies and coach bodies for the 43 motor coaches were manu¬ 
factured by Messrs The Metropolitan Carriage, Wagon & Finance Co., Ltd., Saltley, Bir¬ 
mingham, whilst those of the 38 trailers and 38 driving trailers were constructed at the 
Carriage Works of the L. & N. W. Rly at Wolverton. 

The electrical equipments for these coaches were ordered from the Oerlikon Com¬ 
pany, an additional order being placed with them in 1915 for the electrical equipments 
of a further 30 Three-Coach Trains and 3 spare motor coaches. These two contracts, 
covering in all 76 motor coaches, 68 trailers and 68 driving trailers, were executed under 
very difficult conditions, as manufacture and erection were carried out, to a great extent, 
during the War.. 



EUSTOM SiTATlOrS 
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Owing to the many conditions imposed by heavy suburban traffic, it was necessary 
to go into the whole question of electrical equipment very thoroughly. In the case of 
motor as well as of apparatus, special design had to be adopted, which, in many ways, 
departed considerably from standard practice; all these modifications proved however 
entirely satisfactory. It can also be added that the Oerlikon Company evolved and paten¬ 
ted a new system of multiple control for these coaches. 

From the year 1915 onwards, the Three-Coach Train units under the first contract 
were put into service, and gave excellent results. Due to the exigencies of the War, the 
manufacture of the underframes, bogies, etc. and the coach bodies under the second con¬ 
tract had to be suspended until the end of the War: the material under this contract has 
now been delivered and stored at Saltley and Wolverton, and the equipments are in the 
course of erection. 



Fig. 5. Six-Coach Train of L. & N. W. RIy. 


The following is a brief summary of the very exhaustive and complete specification 
issued by Lieut-Colonel F, A. Corfez-Leigh, T. D. R. E„ the Chief Electrical Engineer of 
the London & North Western Railway: - 

The traffic unit is a Three-Coach Train consisting of a motor coach with apparatus 
compartment and driver’s cab, a trailer coach without driver’s cab, and a driving trailer 
coach with driver’s cab. These must be so arranged that two such Three-Coach Trains 
can be coupled together and operated by means of multiple control. The multiple control 
is to be non-automatic as well as automatic, i. e. the driver is to be able, at will, to 
operate the controller for all the starting notches or to put the controller handle imme¬ 
diately on to the requisite running position; the whole starting process is, in the latter 
case, to be governed by a relay, which operates when the motor current drops to a pre- 
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determined value after each successive current rush, and thus controls the automatic not¬ 
ching up. Furthermore, the electrical equipment of the Three-Coach Train is to be ar¬ 
ranged in two completely independent- halves, so that one or the other half can easily 
be cut out when desired. Each motor coach is to be provided with 4 motors, 2 motors 
being mounted on each bogie. 

To determine the capacity of motors, calculations were based upon the profile of 
the various lines to be electrified and the speed diagrams for the different gradients. The 



Fig. 6. Profile of section Willesden Station—Watford Junction Station, with plan. 17052 

estimated weight of each train was 112 tons, including 12 tons for passenger load and 
16 tons for electrical equipment. It was however necessary when fixing capacity of mo¬ 
tors to take into account the fact that the weight of electrical equipment might exceed 
the value assumed. After completion, it was found that the weight of train and equipment, 
exclusive of passengers, amounted to 112 tons. 

The figure obtained from calculations for one hour rating of motors was 225 H. P. 
measured at wheel rim. The motors supplied, are however capable of developing 250 
H. P. at wheel rim, on one hour service. 
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Fig. 7. Motor Coach ot Three-Coach Train with one hour rating of 1000 HP. 


The principal daia of the complete Three-Coach Trains are as follows: 


Average running speed 
Maximum „ „ 

One hour rating measured at wheel rim 
Drawbar pull „ . 

Maximum drawbar pull 
Average acceleration when starting 


25 m. p. h. (40 km p. h.) 
about 40 m. p. h. (70 km p. h.) 

1000 H. P. 
14000 lbs (6360 Kgs.) 
21000 lbs (9550 Kgs.) 
1.2 m. p. h. per sec 


(0.535 metres per sec, per sec) 
Average pressure 575 volfs 

Gau §' e 4’ SV 2 ” (1435 mm) 

Diameter of driving wheel 3 ’ 7 %” (H08 mm) 

Weight of Three Coach Train (empty) 112 tons (113,792 Kgs.) 


13765 



Fig. 8. Outline drawing of Motor Coach. 
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Fig. 9. First class Compartment in Trailer. 


Mechanical part. 

Electrical part consisting of: 
Motors 
Contactors. 

Circuit Breakers 
Reversers 

Starting Resistances 
Couplers and Sockets 
Relays 


92 tons (95,472 Kgs.) 


Switchboard 
Contact Shoes 
Controllers 
Main Fuses 

Lighting and Heating equipments 
Cables, Conduit and various erection material 


Approximately.19,7 tons (20,000 Kgs.) 


Fig. 10. Third class Compartment in Driving Trailer 
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MECHANICAL PART. 

The motor coach is provided with 2 two-axle bogies and a driver’s cab at one end 
only; adjoining the latter is the apparatus cabin, the sides of which are provided with 
louvres for ventilation purposes. A small luggage compartment is arranged between the 
passenger compartment and the apparatus cabin, doors being provided to enable the 
train staff to pass right through the train. The trailer, without driver’s cab, is also mounted 
on 2 two-axle bogies and has one third-class and two first-class compartments; the in¬ 
terior of coaches is carefully finished off, and the space conditions are very ample. The 
driving trailer, with driver’s cab, is at the end of the Three-Coach Train; it is carried, 
as in the case of the other coaches, by 2 two-axle bogies. This coach is wholly reserved 
for third-class passengers, and constitutes one large compartment. 



Fig. 11. Driving Trailer with Driver’s Cab. 13492 

The seating accomodation in all compartments of the Three-Coach Train is arranged 
both lengthways and transversely. All coaches are fitted with standard Wesiinghouse air 
brakes, motor coaches and driving trailers being provided with hand brake as well. 

The lighting and heating of the coaches is electric throughout, and the current for 
same is taken and mainly controlled from the motor coach. Small marble switch panels 
are fitted in each car vestibule, whereby any series of 5 lamps or set of heaters can be 
turned on or off. Two single-pole switches are fitted in the luggage compartment of the 
motor coach, each controlling half the lighting and heating of the Three-Coach Train, so 
that the guard can turn on or off the whole train lighting from one position, provided the 
local switches mentioned above are on. A single pole switch is also fitted in the vesti¬ 
bule of each driving trailer coach, so that the guard can control half the lighting from 
that end of the train, when necessary. 

2 Three-Coach Trains can be coupled together so as to form one train and controlled 
jointly from one driver's cab, if traffic requirements necessitate this. When this train com¬ 
position is adopted, the motor coaches are usually coupled at the extreme ends of the train. 
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ELECTRICAL EQUIPMENT. 

The whole electrical apparatus is fitted on motor coach. The diagram of connec¬ 
tions given here refers to motor coach equipment only; furthermore, lighting, heating 
and air compressor, are not shown on it. The middle coach, or trailer, merely carries 
the busline cables for the main current, the control leads and the cables for compressor, 
lighting and heating; all these connections are run through the underframe of the coach. 
The motor and the driving trailer coaches at the ends of the train are fitted with com¬ 
plete control equipments. The third and fourth rail system has been adopted for collecting 


Fig. 12. Control Equipment erected in test room. 


12805 


the current. The negative contact rail is arranged in the centre between the running rails, 
and the positive contact rail is placed outside the track with its centre 16 inches from 
gauge line; the current is collected from positive rail by means of sliding contact shoes, 
pressed down on rail by their own weight and suspended from cast steel brackets; these 
brackets are bolted to oak shoe beams, carried on the axle boxes of the bogies. The 
contact shoes on the driving trailers are suspended from brackets in a similar way; these 
brackets are also supported by oak shoe beams. The negative shoe on motor coaches 
is carried by a short oak beam fixed to a bracket attached to the motor casing. Both 
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bogies on the motor coach, as well as the end bogie of the driving trailer (immediately 
beneath the driver’s cab) are fitted with contact shoes. All contact shoes are connected 
to the main busline cables, and are individually protected by contact shoe fuses. The 
main cables are connected to the main knife switch on the switchboard in the driver’s 
cab, so that the whole electrical equipment can be isolated by means of this main switch. 


Master controller 





Fig. 13. Multiple Control for automatic and non-automatic operation. 15016 


From the main switch the current is led to the two switches of the two groups of 
equipments. The control leads of the 2 groups pass through a multiple group switch; 
with this arrangement any control circuit can be cut off at will. 

The motors have, as already stated, an hourly rating of 250 B. H.P. measured at 
the wheel rim. All motors were tested on the test bed of the Oerlikon Company either 
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by the L. & N. W. Rly Co’s representative or by an expert nominated by them; the follow¬ 
ing - trials were carried out: 

1. Measurement of temperature rise during and after one hour’s run. 

2 . Overspeed test at motor speed corresponding to train speed of 56 m. p. h. 

3 . Checking of the characteristics by running the machine in both directions. 

4. Insulation tests with 2,000 volts A. C., hot. 

5. General insulation tests. 
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Fig. 14. 

Simplified diagram of connections. 

CS = Contact Shoes 
JB = Junction Boxes 
C — Master Controller 
CBS = Master Switch for Circuit Breaker 
CB — Circuit Breaker 
R = Reverser 
A = Ammeters 
CM = Compressor Motors 
CO = Group Switch 
G = Compressor governor 


MOTOR I 


MOTORH 


Motors picked out at random were subjected to efficiency trials, and to a load test 
with 140 B. H. P. and 400 volts. 

The motors are totally enclosed and self-ventilated by means of fan bolted to commu¬ 
tator end-plate. The cooling air for motors may be taken by means of flexible pipe connec¬ 
tion from a duct communicating with exterior at a point of underframe where the air is com¬ 
paratively pure and free from track or brake dust. At present, however, the intake openings 
are blanked off as the motors are so amply dimensioned that they do not exceed the 
guaranteed temperature rise in service. The motors are supported on one side by bear- 
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ings on driving axles; on the olher side the motors are fitted with noses held between 
compressed rubber blocks attached to the transom. The gearing has a ratio of 1 to 3.3. 
Both gear wheel and pinion are made of tempered tool steel; the gear wheel is in one 
piece and pressed on to the axle. The gearing is running very quietly and giving entire 
satisfaction. 

The motors when developing 250 B. H. P. — their one hour rating — and with a 
supply pressure of 575 Volfs, have a speed of 620 r. p. m., and an efficiency of 87%, 
including losses in gearing. The maximum speed is 1400 r. p. m. A special feature of 
the motors is the yoke carrying the brush holders, which is of cast steel; mica insula¬ 
tion is used throughout. The armature of motors is bar-wound and the conductors are 



Fig. 15. Traction Motor. 12721 

mica insulated, in the slots. The field and auxiliary pole coils are built up of copper 
strip. Perfect commutation is obtained with these machines. If may be of interest to 
mention here that a motor of this type wound for a pressure of 2400 volts, has given, 
on test, 250 B. H. P. on one hour service and developed continuously 150 B. H P.; this 
machine has also dealt with the overloads stipulated without flashing over or sparking. 

The following are a few particulars regarding the motors for the L. & N. W. Rly 
equipments: 

Diameter of armature 18.9” (480 mm) 

Width of core 12.6” (320 mm) 

Number of slots 53 

Number of commutator segments 159 
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Diameter of commutator 
Number of brush holders 
Number of brushes per holder 
Weight without gearing 


16.9” (430 mm) 

2 

4 

6600 lbs (3000 kilos) 


Fig. 16. Armature with Fan. 


12748 





12757 


Fig. 17. Brush holders with End Bearing Shield. 


12755 


For starting up and regulation, 13 contactors are provided for each two motor 
group; these contactors are fitted with main and arcing contacts with magnetic blow¬ 
outs. They are electro-magnetically operated, very simple in design and very strong in 
construction; the wear of these contactors has proved to be very small. Built for 400 
amps, at 360 to 630 volts, they are capable of breaking double their normal current 
without difficulty. 

The circuit breakers have a double break and are provided with magnetic blow¬ 
out; they are operated electro-magnetically and are fitted with adjustable overload re¬ 
leases. Two main fuses are provided in addition to the circuit breakers for protecting 
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the motors, each motor group having one circuit breaker and two fuses. If necessary, 
the circuit breakers can also be operated by hand. 

Each of the two groups is provided with an electrically operated reverser; the latter 
is interlocked with circuit breaker in such a way that the breaker of any group can only 
be closed when the corresponding reverser is in the position indicated by reversing key 
on the master controller. The starting resistances are built up of substantial cast iron 
elements of special design; they are carried by mica insulated steel bolts, fitted in iron frames. 

The motor and contact shoe fuses consist of copper strips which can easily be replaced; 
they are held in suitable clamps mounted in oak fuse boxes, the latter being lined with fire 
proof material and iron bound in such a manner as to secure a proper blow-out effect. 



Fig. 21. Contactor, 400 amps., 630 Volts, Fig. 22. Main Circuit Breaker, 800 amps., 

15354 with upturned arc chute. 630 Volts, with upturned arc chute. 12565 

The controller is designed, as formerly stated, for automatic as well as non-auto¬ 
matic operation. It is provided with „Dead Man’s" handle so arranged that, during ope¬ 
ration, the driver has to depress by hand a push button fitted in the controller handle. 
As soon as the push button is released, the control circuit of the contactors is broken 
and the brake relay actuates the air brake. Nine starting steps are provided, five for 
series connections and four for parallel connections of motors, the 5 th and 9 th steps 
respectively being running positions. 

The change-over from series to parallel connections of motors is effected, without 
break, by means of so-called bridging connections. During automatic operation, the con¬ 
troller spindle and drum move independently, the latter being actuated by a ratchet mag- 
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net; if the position of controller handle and 
drum coincide, the circuit of ratchet magnet 
is open; when, however, a relative angular 
displacement occurs, owing to the controller 
being moved to a given position, the circuit 
of ratched magnet is closed and the ratchet 
gear causes stepwise motion of drum until 
the latter reaches position corresponding to 
that of controller handle. The opening and 
closing of ratchet magnet circuit is effected 
by means of two contact fingers which are 
fitted to carrier at lower end of controller 
spindle and slide on contact segments moun¬ 
ted on drum; connection between contact 
fingers and ratchet gear is ensured by two 
contact rings carried by controller spindle and contacts on stationary portion of con¬ 
troller. When the motion of controller handle is reversed, the drum is carried back with 
it by means of an interlocking notch. 


Fig. 23. Main Fuse, 2000 amps., 

630 Volts. 1^985 
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A current limiting relay is inserted in the circuit of the ratchet apparatus so that 
forward motion of the controller drum is only possible when the motor current does not 
exceed a certain value, previously fixed. The driver can, therefore, set his controller handle 
immediately in the desired running position; the ratchet apparatus will then cause the 
drum to revolve, the speed being regulated by the current limiting relay. 


The controller drum is provided with the necessary contact segments for bringing 
into play the number of contactors corresponding to each speed step. When the con¬ 
troller is not required to operate automatically, the controller drum is coupled to the 


controller handle by means of a simple 
clutch actuated by a knob on the top 
plate of controller; the latter operates 
then as on ordinary controller; the auto¬ 
matic gear is, in this case cut out and 
does not interfere, in any way, with the 
non-automatic operation of controller. 
Interlocking control contacts are fitted 
on two contactors only, this having been 
found sufficient to satisfy conditions spe¬ 
cified. This simple design of contactor 
gear has proved entirely successful, and 
has given the best result during the 
many years if has now been in service. 



Fig. 24. Reverser. 13361 
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The operating coils of contactors are in series for any 
position of controller. In order to keep the value of resi¬ 
stance constant for every controller position, the operating- 
coils cut out are replaced by resistances in series. The 
control circuit of the contactors is arranged so that no in¬ 
terruption of current takes place when passing from one 
position to the next; furthermore, the circuit of contact seg¬ 
ments is broken in a central blow out operated by controller 
drum; in this way, all arcing between fingers and contact 
segments of controller drum is eliminated. 

For changing over from series to parallel connection, 
a relay is provided which permits of the utilisation of the 
same control leads for both control positions; in this way 
four control wires can be dispensed with. 

All cables are placed in seamless steel tubes, and 
joints are made in cast iron junction boxes, except in the 
case where the wires are connected to apparatus. 

The weight of the electrical equipment which, as stated 
before, amounts to about 20 tons, is made up as follows: 



Lbs. 

Kilos 

4 Motors including gearing 

28,600 

13,000 

26 Contactors 

3,300 

1,500 

2 Circuit breakers 

374 

170 

40 Couplers for busline, control leads, 



and for compressor, lighting and 



heating connections 

1,100 

500 

6 Relays (2 series-parallel, 2 brake, 2 no- 

■volt) 132 

60 

3 Switchboards 

440 

200 

2 Reversers 

550 

250 

9 Sets of contact shoe collecting gearing 1,320 

600 

2 Controllers 

880 

400 

13 Main fuses 

660 

300 

2 Group switches 

88 

40 

2 Current limiting relays 

44 

20 

2 Sets of starting and regulating resistances 1,980 

900 

2 Sets of control resistances 

154 

70 

4 Control and heating switches 

44 

20 

Lighting and erection material 

4,334 

1,970 


44,000 

20,000 



Fig-. 25. Master Controller 
for automatic and non- 
automatic multiple control. 

13349 



Fig. 27. Current 
Limiting Relay 
with cover 
removed. 


14003 








ATELIERS DE CONSTRUCTION OERLIKON, OERLIKON (Swil>erland) 


PERFORMANCE AT TESTS. 

All train units have been tested on the Willesden—Watford Line, or on other sec¬ 
tions of the system. Average figures, taken from the acceptance certificates of the train 
units 30 E to 47 E, for about 20 trial runs including starts, are given below; the length 
of run was 12.252 miles (19.7 Kilometres) with 11 stops of 20 seconds each. The 
average distance between stops was 1.114 miles (1.79 Kilometres). 


Train 

No. 

Train 

Composition 

Starting Acceleration 

Energy Consumption 
in Watt Hours 

Maximum 
Current 
per Motor 
Amps. 

Miles per 
hour per second 

Metres 
per sec 2 

Per ton 
mile 

Per ton Kilometre 

30 E 

33 E 

6 Coach 

1.44 

0.63 

66.8 

42.3 

400 


31 E 

3 

1.45 

0.65 

75.2 

47.5 

410 i 

32 E 

34 E 

6 „ 

1.54 

0.68 

70.4 

45.7 

420 I 

35 E 

36 E 

6 

1.31 

0.59 

68.5 

42.5 

400 

37 E 

38 E 

6 „ 

1.38 

0.62 

64.0 

59.8 

420 

39 E 

40 E 

6 

1.40 

0.63 

64.1 

39.8 

420 

41 E 

42 E 

6 „ 

1.39 

0.62 

57.0 

35.5 

420 

43 E 

44 E 

6 „ 

1.46 

0.65 

61.7 

38.4 

440 

45 E 

46 E 

6 „ 

1.36 

0.61 

48.9 

51.0 

420 


47 E 

3 

1.40 

0.63 

68.1 

42.5 

420 


Guaranteed figures, as well as average values based upon the figures in the above 
table, are given below in order to permit of comparison. 



Average values 
obtained at tests 

Guarantee figures 

Starting acceleration 

1.4 m. p. h./sec 

1.2 m. p. h./sec 


0.65 metres/sec 2 

0.555 metres/'sec 2 

Energy consumption 

40.3 watt hours 

41 watt hours 


per ton kilometre 

per ton kilometre 


64.9 w/h per ton m. 

66 w/h per ton m. 

Maximum motor current when starting 

417 amps. 

500 amps. 


Owing to the good acceleration obtained, the condition stipulating that a speed of 
24 miles (38 Kilometres) per hour was to be reached, when starting, within 20 seconds, 
could be easily satisfied. 

The temperature rise of the motors and starting resistances, in continuous service, 
proved also to be very low. After a 17 hours normal service on the Earls Court — 
Willesden Line, the following maximum temperatures were measured, with an atmos¬ 
pheric temperature of 24° C.: — 

Commutator copper 70° C. 

Armature core 75 0 C. 

Starting Resistances 160° C. (Cast iron). 
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The electrical equipments have now been in service for nearly six years, and the 
soundness of their design and construction has now been fully demonstrated. There can 
also be no better proof of the satisfaction this material is giving, than the fact that 
a repeat order for 30 further Three-Coach Trains has been placed with the Oerlikon 
Company. 



Fig. 28. View of Apparatus Cabin during erection. 
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No. 61/62 — july/August 1926 

Contents: D.C. regenerative braking as used on express locomotive No.242BEt 
of the Paris, Lyons & Mediterranean Rly. (P.L.M.). 

Tests for the determining of the heat radiation of a cooler for transformer oil. 


D/COa/ 

live No. 242 BE 1 W 


D.C. Regenerative Braking as used on Express Locomotive No.242BEl 
of the Paris, Lyons & Mediterranean Riy. (P. L. M.). 


In Bulletin No. 21, we gave a few particulars regarding 
this locomotive as well as a description of its main features; 
we now propose to deal more in detail with the method adop¬ 
ted for regenerative braking during downgrade operation. The 
stipulations laid down in this respect in the specification for 
the locomotive show the great importance the P. L.M. Railway 
Co. attached to the full utilisation of all the advantages of 
electric traction. The clauses in question provided that the 
regenerative braking equipment was to be capable of limiting 
the train speed to 35 to 40 km. per hour (22 to 25 m.p.h.) on 
inclines of 1 in 33, with a trailing weight of 300 tons and a 
locomotive weight of 120 tons, i.e. with a total train load of 
420 tons. When designing the locomotives, the Oerlikon Com¬ 
pany was thus faced with the problem of devising a method 
of D. C. regenerative braking such as could be applied with 
every guarantee of safe operation, under the exacting con¬ 
ditions imposed by main line service. 

The locomotive was subjected to regenerative braking 
tests in May 1925 on the gradients ranging up to 1 in 33 of 
the section Culoz-Modane of the P. L.M. Railway, where the 
line is in the course of electrification. Since lhen, there have 
also been further opportunities of testing the reliability of the 
method of regenerative braking in question. These various 
trials could be carried out without difficulty owing to the line 
being connected to the supply through rotary converters, and 
the results obtained have been entirely satisfactory. In the 
course of these tests, as much as 1500 KW. was generated 
by the locomotive and fed back into the three-phase system. 
It. may be pointed out, in a general way, that regenerative 
braking is dependent upon the electrical conditions at over¬ 
head line, and is affected by all changes which take place there. 
Such variations have a much more unfavourable effect on the 
motors, when the latter are working as generators than when 
they are operating as motors. This is due to the fact that, 
while the motors are used for fraction purposes, the armature 
and field of machine are in series (see Fig. 1) — an ar¬ 
rangement which ensures great stability as the ratio between 
armatureand field ampere-turns remains constant and the mo¬ 
tor is little affected by pressure fluctuations, such as are en¬ 
countered in practice. When, however, the motors are utilised 
for generating purposes (see Fig. 2), only the armature and 
interpoles are actually in series between overhead line and 
earth, as the field winding has to.be cut out of the armature 
circuit; consequently, the large amount of inductance this 


winding represents and the throttling effect it would have on 
the current are no longer of any use for stabilising purposes. 
At the same time, the ratio between armature and field am¬ 
pere-turns is no more constant and, in certain cases, there 
is a possibility of excessive pressures between commutator 
segments, when the motor is working as a generator. We 
encounter here the same difficulties as arise occasionally in 
the case of motors running at a high speed with greatly re¬ 
duced field. It is a well-known fact that D. C. series motors 
cannot be used in the same way as shunt wound motors for 
feeding back into the system, without alteration of their fun¬ 
damental mode of connection, as self-excitation renders series 
generators quite unsuited for regeneralive braking; conse¬ 
quently, provision has to be made for separate excitation and, 
under such conditions, the pressure fluctuations at overhead 
line would have to be compensated by the impedance of the 
armature connected between line and earth, and by the re¬ 
sulting current fluctuations. As the impedance of armature 
is small, the variations in current required for the compen¬ 
sation of a rise or drop in pressure in the armature,, with 
constant excitation or E. M. F., would be great. If the motor 
is, for instance, working with the field reduced to the critical 
point, before the current rush, these unfavourable conditions 
will be further accentuated when the current rush actually takes 
place. Such pressure fluctuations will thus result in flash-overs 
on the commutator, specially at high speeds, and in a very 
variable braking effect. In the case of shunt wound motors, 
which are excited directly from the system, the pressure varia¬ 
tions of supply act simultaneously on the armature and field, 
so that a damping effect takes place and no special difficulties 
are encountered in this direction. In order to reproduce these 
characteristics of the ordinary shunt wound motor, with regard 
to stability, in the case of a separately excited series motor, 
the arrangement for regenerative braking must be such that 
the pressure fluctuations act not only upon the armature but 
also, at the same time, upon the field. The first idea which 
presents itself is to feed the field of exciter from the supply; 
this is, however, not identical with the pure shunt arrangement, 
with regard to magnetic inertia of system. Some of the best 
known methods resorted to, in this connection, reside in the 
use of an exciter with counter-current winding (counter-com¬ 
pound) carrying the braking current, or of an ohmic damping- 
resistance through which the current of the armature and field 
of motor'flow in the same direction, during regeneralive brak- 
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ing. A sudden alteration in the current generated gives rise, 
in both cases, to a change in field in the opposite direction, 
and thus prevents current rushes in their inception. It can be 
said that, with regard to rapid and effective action, the latter 
arrangement is preferable, as the magnetic inertia of exciter 
does not come into question then. The adoption of either of 
these methods has, however, an unfavourable effect on the brak¬ 
ing curves, and this constitutes a very undesirable feature of 
the arrangement. These curves which show the relation between 
braking force and speed no longer embody the favourable shunt 
characteristics (i. e. practically unaltered speed with varying 
braking effect) of the plain shunt wound motor, or of the sepa¬ 
rately excited series motor without damping device. These 
curves, after starting from a lower value, fend rather to be¬ 
come tangential to a vertical line, corresponding to the 
regulating position at the time, once the armature current.has 
reached a sufficiently high value, and, after this, bend back¬ 
wards. The shape of these curves is nearly exactly the re¬ 
verse of that of the corresponding curves of the series mo¬ 
tor, which tend asymptotically towards the axis of ordinates, 
but for small values of armature current. 

In practice, this means that, on each braking notch within 
a certain range of braking, great variations of speed take 
place for small changes of braking forces, and that, in the 
dangerous range of braking, the motor is liable to race, in 
view of the decreasing braking torque, in the same way as 
a series motor relieved of its load. This lack of stability of 
speed during braking, which is, it is true, damped to a certain 
extent owing to the inertia of train is dangerous and not per¬ 
missible for braking under service conditions. The range of 
braking must at least be limited, but this does not necessa¬ 
rily conduce to safety in operation, as the limits set down 
may, for some reason or other, be passed involuntarily. In 
this respect, the pure shunt characteristics are preferable to 
all others, as they do not permit of considerable changes in 
speed with varying braking force. The solution of the pro¬ 
blem must thus be found in a compromise between shunt 
characteristics and sufficient stability of current. 

The method described hereafter marks a considerable step 
in this direction, the braking curves obtained being much more 
favourable and the mode of operation far more satisfactory 
than in the case of the two above mentioned methods, where 
a counter-compound winding or a damping resistance is re¬ 
sorted to. The arrangement in question, which was used on 
the P. L. M. locomotive, is represented diagrammatically in 
Fig. 5. Two resistances r x and r 2 having a fixed relative va¬ 
lue*) are provided in the armature circuit, the one con¬ 
nected direct between earth und armature being preferably an 
inductive resistance. These two resistances are linked up, on 
the earth or armature side, to the counter-current winding of 
the exciter, which is also designed accordingly. The field wind¬ 
ing of the motor working as generator is fed by the exciter 
through these two resistances in parallel. The exciter is direct 
coupled to an electric motor, with as constant a speed as 
possible. With this arrangement, the counter-current winding 
of exciter weakens the field of exciter and motor very ener¬ 
getically, when the current in armature, or braking current, has 


a low value; consequently, the braking curves are given an 
upward bend, but, at the same lime as the armature current 
increases, this action gradually disappears, that is to say, the 
upward displacement of curve is prevented. As a result, the 
braking curves which would otherwise bend upwards very 
sharply, in the case of heavy currents, are flattened out into 
a line which is nearly, if not perfectly, straight, at least over 
the range where braking is permissible from the point of view 
of commutation, heating and maximum speed, that is to say, 


R = Starting resistance 
) p. = Armature of motor 
: p = pield of motor 


Fig. 1. Grouping of 
motors during traction 
service. 


Motor 1 


Series-Parallel 


■ Motor 2 




Parallel 


Series 


Damping 
resistance 
and fields 
of motor 


Motor 3 


/ Motor 4 




Series-Parallel 


T Exciter 


Regulating 

resistances 

Parallel 


Series 


Fig. 2. Grouping of motors during 
regenerative braking. 


over a large range. The shape of the braking curves is me¬ 
rely dependent upon the value of damping resistances and 
design of counter-current winding. For the purpose of illu¬ 
stration, we are giving, in Fig. 4, braking curves such as would 
be obtained with one or the other first mentioned methods, 
in the case of the P. L. M. locomotive, when the motors are 
working in parallel, for instance. 

As can be seen, the speed | / m r 2 Damping resistances 

and current curves bend up- T~ _~1 rv f tarlill8r res,slance 

wards tangentially to the cor- w " Counter-current/ ing 

respondingbrakingforceline, jp 
a feature which is, it is true, (r E) * ■ 

favourablewith regard tocur- p VVVV i e pjg . a 

rent rushes, when passing ~ 1 , 

from one braking notch to the i U e 

other, but highly undesirable Exciter 

from a working point of view. ,, i,1 iq /c h yy A1 

Fig. 5, on the other hand, re- == " yv Ie (” 

presents braking curves for Wc -t 


\n(D £ 

lC » r< i l 2 


Fig. 3. 


Exciter 


*) We shall refer again to the starling resistance connected in the 
armature circuit, as shown in Fig. 1, and used as series resistance. 
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the arrangement according to Fig. 3, but where no series resi- as series resistances for the regulation of braking. From a 
stances are provided, and shows clearly the flattening out effect working point of view, the use of these resistances presents 
of this mode of connection on the curves. Let us compare, for in- great advantages with regard to stability and safely in ope- 
stance, curve 9 in Fig. 4 with curve 8 in Fig. 5. Both curves start ration. The favourable effect of these resistances is specially 
from 68 to 69 km. per hour (42 to 43 m. p. h.). In the case of marked at low speeds, under which conditions the braking 
the first curve, the maximum braking effect is reached for a curves become steeper, to a permissible extent, but still re¬ 


value of braking force as low as about 7000 kgs., while, with 
the second curve, the highest braking effect is far from being 
attained when the braking force has a value of 9000 kgs. 
Fig. 6 gives the braking curves for the three possible modes 
of grouping of motors, namely, series, series-parallel and 
parallel, when the starting resistances of motor are also used 
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Fig."4. Braking curves 
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Fig. 6. Braking curves for 

a) series, b) series-parallel and _ 

c) parallel operation, according ,, 
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Fig. 7. Pressure chart for series operation. 
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as about 7000 kgs., while, with main approximately straight; consequently, the changes in cur- 
Taking effect is far from being rent and braking force, when passing from one notch to the 
-ce has a value of 9000 kgs. following, are damped. These curves are specially interesting 
s for the three possible modes and show how the braking process can be controlled in a 
ly, series, series-parallel and very reliable way over a large range. With the new arrange- 
stances of motor are also used ment we have described, the damping resistance can be left un- 

' _ ..2 v- 6 altered for all modes of group- 

}'Hjh / >- x ingof motors,and afall speeds, 

wo /- —y- / - this being also a notable ad- 

/-- f 7 / ^ _ vantage. Figs. 1 and 2 give the 

_simplifieddiagramsofconnec- 

80 lions of motors on the P.L. M. 

-70 —— j -- locomotive, for running and 

— ~^ftm ST — _L_ / braking. The arrangement ad- 

'^^'^ioo^ -—- 1250 c opted where the starting resi- 
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_ _ s 2 °° 0 b tenlial, the resistances, on the 

---rrLs —zrl l otherhand,causeacorrespond- 
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, s kg ======k;^ _i f- soo ftmp. ing drop in potential. The po¬ 
ng curves for 1000 esl the system is not greater 
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■^ ■t r- rr r — —^ potentials of the motors, when 

■ies operation. ' ^ ~ -- 10 , , . . . 

- — connected in series as shown 

motor T' ° f -- - - - - ■-:z^. z±r=rz 500ft in Fig. 2, are represented in Fig. 

_I ,a 7. It is, to a great extent, owing 

Potential of sooft mp. to this distribution of starting 

overhead line z ====^‘— * s _ _5__ resistances that regenerative 

pressure ~ ~ ... ~ ~ _ isop operation so surely. If all the 

resistances were connected in front of the motors, the potential to earth of the foremost motor 
would reach a considerable value, exceeding permissible limits, and it would be necessary, be¬ 
fore being able to connect the motors to the system, to ensure equality of pressure by regulation. 

Fig. 8 shows how the field current ie, the braking torque m, the speed n and the counter-current 
ic vary with the braking current i,when using the arrangements with counter-current wind ing alone 
or damping resistance alone, and with the new mode of connection, the curves being based on a 
concrete case. The fundamental excitation and the design ofcounter-currentwinding were chosen 
in such a way as to obtain for, i = 0, the same value of ie, in the case of the three arrange- 
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100 % i 





200 %i 

Fig. 8. 11 Braking arrangement with counter-cur- 
rentwindingalone. 2) Ditto with damping resistance 
alone. 3) Ditto with resistance and counter- 
current winding. 

merits. The quantities r and wc have been 
given the same value for the respective cur¬ 
ves. The dotted extensions of the individual 
curves are only of theoretical interest, as 
they correspond to speeds which exceed the permissible 100 %. 
For commutation reasons, there is a further limitation in that i 
= approx. 2ie. This means that the braking limits for the three 
arrangements are given by i = 70°/ 0 , i = 90% and i = 110% 
respectively. The range of braking is thus limited in the case 
of the two first arrangements by the maximum permissible 
speed and the current ratio assumed; with the new mode of 
connection, however, this is no longer the case and conside¬ 
rations as regards commutation are foremost. On the other 
hand, danger of racing is not as great as with the other me¬ 
thods. In view of this, the motor is, whenever possible, ope¬ 
rated with a larger current ratio i/ie, with i/ie = 2.5 to 5 for 
instance. The limit value of i is then 125% or 135 %. It wiil 
be seen from the above that, with the new arrangement, the 
stabilising effect of the damping winding is not eliminated by 
the counter-current winding, even when the current in this wind¬ 
ing changes direction and strengthens the field; the latter 
conditions are encountered when the armature current exceeds 
a given value, that is to say, in the present case, when the 
current ratio is above i/ie = 2. 

On the other hand, the mode of variation of the braking 
torque, as shown by the curves, is of special interest; as can 
be seen, the braking torque increases to a maximum value, 
and then drops again to zero, which value corresponds to a 
speed infinity. In the neighbourhood of the maximum value of 
braking torque, the latter is no longer well defined, as two 



Fig-. 9. Controller plate. 


speeds correspond to a given brak¬ 
ing torque; in practice, however, 
this range is not utilisable. In this 
respect, the three arrangements 
only differ in that the maximum 
torque is reached for a smaller or 
larger value of armature current; 
furthermore, with the new mode of 
connection, larger braking torques 
can be obtained, with the same 
adjustment of field current, for an 
armature current = 0. Fig.8 shows 
also how the curves corresponding 
to the new arrangement are flat¬ 


tened out and what a large range of braking is obtained. 

The above remarks regarding the character of the curves 
apply, more especially in the case of the new arrangement, 
to stable conditions, when there are neither variations in pres¬ 
sure nor switching operations. In the case of variations in 
pressure and switching operations, we have changes in cur¬ 
rent which are not affected in the same way by the reactance 
L and the resistance r 2 shown in Fig. 5. If there is such a 
reactance L, if will throttle the current inductively and divert 
it to the resistance r 2 . The diverted current has then to over¬ 
come the full resistance r 2 which, in the present case, is three 

r p, > 

times greater than the permanent resistance r —. 1 % The 

.. Cj *r IN 

damping effect is thus correspondingly greater. 

The additional equipment provided on the P. L. M. loco¬ 
motive for regenerative braking includes the following:— 

1 exciter set with compound wound motor and shunt wound 

generator. 

2 additional drums on the main controllers for the regulation 

of traction motors. 

1 set of stabilising resistances per motor. 

2 reversers with running and braking positions. 

1 maximum pressure relay. 

4 emergency and two isolating electrically-operated valves 
for use in conjunction with the compressed air brake. 
The weight of the additional equipment is about 2.7 tons, 
that is to say, it represents 6% of the total 



oerukqn 


Fig-. 10. Exciter set. 


weight of the electrical equipment, which a mounts 
to about 45 tons. 

The only additional handle required for the 
controller equipments in question, as compared 
with equipments for traction service alone, is the 
small handle for additional regulation. The 
’’reglage” handle which is used for cutting out 
the starting resistances during running and for 
altering the grouping of driving motors is also 
utilised during regenerative braking, but only 
for varying the resistances in the main circuit 
and in the field circuit of exciter. The ’’regime” 
handle,which is used during running for changing 
the direction and for weakeningthe field of driv¬ 
ing motors, is utilised during regenerative brak¬ 
ing for altering the grouping of driving motors. 
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The passage from fraction to regenerative braking takes 
place as follows:— The "reglage” handle is brought back from 
the running position to zero, the ’’regime” handle is set for 
the grouping of motors corresponding to the speed at the time. 
The motors are then switched on, without waiting until the 
supply pressure and the pressure of motors are equal, and 
the ’’reglage” handle is operated again; in this way, the series 
resistances are cut out step by step and the field of driving 
motors strengthened by increasing the excitation of exciter. 
When the last notch, i. e. the eleventh notch of each grouping 
of motor is reached, there are no series resistances left in 
the braking circuit, and the exciter and driving motors are 
fully excited. 

When switching on with the regulating handle, there is 
a current rush, in one direction or the other, according to 
whether the action of the motor is ihaf of a motor or of a 
generator, this depending upon the value of speed. If supply 
pressure and E. M. F. of motors happen to be identical when 
switching on, no current flows when the handle is on notch 1. 

If the grouping of motors has to be altered during re¬ 
generative braking, in order to reduce or increase the braking 
speed, the ’’reglage” handle must be brought back to the po¬ 
sition 0 and the "regime” handle reset. The motor current 
must, therefore, be entirely interrupted, which is not the case 
for traction service. Once the "regime” handle has been brought 
to the desired position, the ’’reglage” handle can be operated 
again. The reverser disconnects the field windings of motors 
from the armatures, in the braking position, with a view to 



Fig. 11. Reverser. 

separate excitation, and the brake switch connects them to 
the exciter; the latter, which has a continuous rating of 38 
KW at 38 volts, then ensures the excitation of motors. During 
braking, the current for the control and lighting circuits is 
supplied by a battery of accumulators with a capacity of 152 
amp-hours. When, however, the motors are on traction, the 
necessary current is derived from the exciter dynamo, which 
is used in conjunction with a regulator and connected across 
the battery. Special electrically-operated valves prevent brak¬ 
ing by compressed air during regenerative braking, while, on 
the other hand, they ensure that the compressed air brake 
comes into play automatically in the case of failure of re¬ 
generative braking. 


Tests for the Determining of the Heat Radiation of a Cooler for Transformer Oil 


The tests we propose to describe were carried out on a 
cooler of the type used for cooling equipments of oil immers¬ 
ed transformers (see Fig. la). The following are a few par¬ 
ticulars regarding the design of cooler and the arrangement 
adopted :-The cooler consists of a stack of 68 vertical iron tubes, 
circular in section, with an external diameter of 30 mm and 
an internal diameter of 27 mm. The tubes are welded at either 
extremity to an end-plate, and a sheet iron cover is fitted over 
the latter so as to form a small chamber, branches being pro¬ 
vided for the inlet and oullet of oil. The complete cooling equip¬ 
ment comprises 40 such coolers connected Ihrough a common 
pipe to the transformer. The 40 coolers are disposed in parallel, 
so that the oil can circulate through the system, as a result of 
the natural upward tendency of the warm oil in the transformer. 
The equipment is further arranged in such a way as to permit 
of the insertion of a circulating pump in the system, when it 
is desired to work with forced oil circulation. 

The oil is admitted at the top of cooler and escapes at 
the bottom. The air in the. neighbourhood of the tubes rises, 
as a result of the natural upward tendency of warm air and, 
in the process, carries away the heat from the tubes. 

As the 40 coolers are arranged close together, the air 
cannot circulate freely. In view of this, a wooden screen was 
provided round the cooler during the tests, as shown in Fig. lb, 
in order to limit the access of air and thus reproduce more 
exactly the actual working conditions/ 


Fig. la shows the cooler and testing equipment with 
screen removed. The cooler, 1, is connected to a length of 
pipe, 2, containing electric heating coils arranged along half 
its length. Forced oil circulation is ensured by means of a 
Sulzer pump, 5, direct coupled to an electric motor, 4. The 
oil measuring equipment consists of a Schmid integrating 
meter, 7, in the pressure pipe, with a flow indicator, 6, in¬ 
serted after it. A sluice valve, 7, is provided at the bottom 
of the pipe, 2; this valve is closed when working with the 
circulating pump, and open for natural oil circulation. In the 
case of the latter mode of operation, the two valves, 8 and 9, 
in the suction and pressure pipe respectively, have to be closed. 

The whole system is filled with thin transformer oil. A 
length of pipe, 10, is provided at the top of the pipe, 2, in 
order to permit of the expansion of oil, due to heating. 

When working with the circulating pump, the oil leaving 
the cooler through the lower branch flows through the suc¬ 
tion pipe, 11, into the pump, 5, then through the meter, 5, and 
the indicator, 6, into the heating pipe, 2, and from there re¬ 
turns to the cooler through the upper branch. 

The temperature of oil was measured at the points f,, t 2 
and t 3 by means of thermometers calibrated to 1 /i 0 0 C. On 
the other hand, in order to be able to determine accurately 
the heat radiation of the heating pipe, 2, itself, readings were 
taken of the external metal temperature at the points t 4 , f 5 and 
t 6 . Furthermore, the temperature of air was measured at a 
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distance of about 500 mm from the heating pipe, at the points 
t 7 , t s and t„. The temperature readings on the cooler itself were 
taken with the thermometers arranged as shown in Fig. 6, 
on the side of Table III. The temperature of the air rising from 
the cooler was measured at different points by means of the 
same thermometer as for the readings at t 7 , t 8 and f 9 . 

The room temperature was ascertained at a distance of 
about 5 metres from the testing installation. 

The heating coils were made up of three star-connected 
units fed direct from the system. Readings were taken of the 
supply pressure and current in one phase. 

Preliminary tests. The object of these tests was to de- 
termine the heat radiation of the various parts of system, 
the radiation being considered under the following heads.— 

1 . Lk = Heat radiation of the cooler itself. 

2 . Lh = Heat radiation of the heating pipe. 

3 . L P = Heat radiation of the pump set, including meter 

and pipe connections. 

Lh and L P could also have been taken together, but the 
present tests have shown that it was preferable to consider 
them separately. Though Lh and Lp were only determined at the 
time of the main tests, we are, however, including them here. 

a) Heat radiation of heating pipe. After dismantling the 
cooler, the two branches were sealed by means of a plate 
and the valves, 8 and 9, hermetically closed. The system was 
then filled again with oil, after which the heating coils were 
switched on and permanent temperature conditions awaited. 

As, in this case, the oil was not circulating, the only 
temperatures to be considered when determining the heat ra¬ 
diation were the metal temperatures t 4 , t 3 and t G and the room 
temperature troom; consequently, the results obtained were in¬ 
dependent of the state of oil inside the heating pipe. The 
figures arrived at (see Table I, tests 1 to 5) can thus be ap¬ 
plied without modification to the main tests, when the state 
of oil inside the heating pipe was different. 

The heat radiation tests in question were carried out 
with the heating coils arranged in the lower part of pipe. 
The average temperature tm was determined graphically from 




Tabic I 


Test No. 


3 | 4 


Oil temp, at heating pipe, below 
„ „ after the pump 

„ „ at heating pipe, above 

Quantityof circul.oii,in lilr.permin 
Oil pressure; after the pump, kg/cm 
Power consumed by motor 
„ „ by heating 

„ „ in all 

Barometric press., in mm Mercury 
Room temperature, in °C 
r below 

Temperature 45 q mm above t. 


Temperature 
at outer sur- I 
face of heat- | * 
ing tube I 

Temperature of 
air at a distance 
of 0.5 metres 


h 

U , 

ta 

i. v 

i 2 p 
kW 
kW 
kW 
B 

troom 

h 

L-i/., 


in the middle . 
above 
' | below 
: / in the middle 
t above 


Metal temperature of f below 
the 2" gas pipe \ above 
Average value (taa-t-taa): 2 
Do. for heating pipe (determ.graph.) 
tm—troom 
tm’—troom 
ta—troom 

KW ra- ( heating pipe 
diated -12" gas pipe 
by ( motor, pump,meter,pipe 

connections 


— — — 34.8 62.1 79.4 

— — — 35.5 61.55 77.6 

— - — 34.7 62.9 S0.1 

— — — ' 25.45 26.3 26.7 

— — — 1.90 1.87 1.87 

_ — y — 1.700 1.420 1.350 

0.807 1.760 2.720 0 2.460 4.340 

0.807 1.760 2.720 1.700 3.880 5.690 

719 720 720 

15.0 13.3 13.0 11.8 14.3 12.4 

16.0 22.5 26.3 28.3 48.3 60.8 

29.0 48.3 64.2 

38.5 58.2 76.8 27.0 50.0 64.0 

39.1 56.0 71.7 27.3 50.0 61.6 

11.8 14.6 13.2 

16.0 15.0 15.7 12.4 15.8 14.1 

16.4 15.5 16.0 12.9 16.3 14.8 

— — — 27.4 69.0 

_ — — 31.0 72.3 

— — — 29.2 70.65 

36.0 54.3 71.5 27.5 49.4 62.1 

21.0 41.0 58.5 15.7 35.1 49.7 

’ — — — 17.4 58.25 

— — — 23.7 47.25 65.2 

0.807 1.760 2.720 0.591 1.462 2.221 

— — — 0.131 0.342 0.520 

— — — 0.970 2.076 2.949 


Fig. la—lb. Testing installation. Cooler with and without screen. 

the temperatures f 4 , t 4 >/a, t r , and t (i . In Fig. 2, we have plotted a 
curve with the values obtained for tm—troom = Alh as ordi¬ 
nates and the quantities of radiated heat Lh, in KW, as ab¬ 
scissae. This curve which shows the relation between Afh and 
Lh can be represented by the following equation: 

1 ) Lh = 0.0545 (Alh) + 0.000204 (Alh)- kW. 

b) Heat radiati on of pump, motor, meter and 
| 8 | 9 pipe connections. In order to determine the value 

54U 74.6 of Lp, a small 2" gas pipe was fitted in place of 

i 57 !d soil the cooler. After filling again the system with oil, 

i L89 L86 the pump was put into operation, the sluice valve, 

} 1,360 1.260 being 1 closed. 

o 3 !o 90 simo The 2" gas pipe radiates also a certain amount 

195 12 5 of heat. In fact, it was found by taking readings 

> 3t.o 36.5 with thermometers, that the metal temperature of 

* this pipe was a good deal higher than that of the 

> 46 8 63 8 heating pipe. This can be easily explained it it is 
12.6 13.0 borne in mind that the velocity of oil in the 2" gas 

? 14.1 14.1 pipe is much greater than in the healing tube, which 
5 48 5 67 6 has an i nlerna l diameter of 250 mm, so that the 
3 46.95 67.2. transfer of heat from the oil to the metallic wall of 
5 3 o'i 457 the pipe takes place under much more favourable 
5 ^f {^9 57 ’q conditions in lhe case of the gas pipe; in other 
•6 1.223 2.005 words, the temperature drop between oil and 
*3 lili? iilio metal is smaller. The heat radiated by the 2 " gas 


46.4 66.0 

46.8 63.8 
12.6 13.0 

13.8 14.5 

14.1 14.8 

45.4 66.8 

48.5 67.6 
46.95 67.2. 

42.6 58.2 

30.1 45.7 
34.45 54.7 

41.9 57.0 

j 1.223 2.005 
0.280 0.482 
5 1.587 2.550 
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pipe must, therefore, also be taken into account; it can be cal-^ 
culated approximately by applying the following formula: — 

2) Lk = Ln X X U' <: KW.. 

Oh Atk 

Lh is lhe heat radiated by the heating pipe in the case of a tem¬ 
perature drop Ath; it is determined by means of the equation f). 
Ok’ — surface of the 2 " gas pipe = 0.7 m 2 . 

Oh — surface of the heating pipe = about 5.5 m 2 . 

Atk’ — average drop in temperature between the metallic wall 
of the 2 " gas pipe and lhe air of the room. 

The radiated heat Lp is obtained from the equation 5). 
5) Lp — L — Lh — Lk’ KW. L represents the total elec¬ 
trical energy supplied (motor + healing). 

The values obtained are indicated in Table I, tests 4 to 9. 
Let us now represent Lp as a function of t 2 — troom = Atp. 
There would also be a temperature drop tj —troom to consider, 
in the case of the suction pipe, 11, but as this pipe is very 
short, it can be left out of account without appreciable error; 
on lhe other hand, the effect of this error is itself compen¬ 
sated as a result of lhe somewhat higher temperature in the 
pump. The curve showing the relation between Lp and t 2 —troom 
— Atp is plotted in Fig. 5. The point t 2 —troom = 0 corresponds 
to light load operation of motor, 4, alone. For the purpose of 
determining this value, the motor was uncoupled, and the losses 
measured. The value obtained was 0.500 KW. The curve in 
Fig. 5 can also be represented by the following equation:— 

4) Lp = 0.500 + 0.0195 (Atp) -h 0.000507 (Atp) 2 KW. 

We then obtain, for lhe cooler itself, the equation 5). 

5) Lk — L — Lh — Lp KW. L is the total electrical energy 
supplied (motor -|- heating). 

Lh is the heat radiated by the heating pipe, in KW; it 
can be obtained from the equation 1). Lp is the heal radiated 
by the pump set, meter and pipe connections, in KW; it is 
derived from the equation 4). 

Main Tests . It is now easy to arrive at the final results. For 
this purpose, tests were carried out with the cooler operating un¬ 
der the following conditions and subjected to a natural flow of air: 



~At h 20 4 0 60°C 

Fig. 2. Heal radialion of 
heating pipe. 




-Atp 20 


"Atp 20 4 0 60 °C 80 

Fig.4. Surface required for dissipafingl watt. 

a) with forced oil circulation, 40 I (normal) 

b) with natural oil circulation, heating coils 
in the lower part of heating pipe 

c) for healing pipe G = guarantee value 
*) Quantity of circulating oil, in 1/min. 


Fig. 3. Heat.radiation of pump set, 
60°C including meter and pipe connections. 


1) with screen fitted and with natural oil circulation, at 
different oil temperatures and with different quantities of oil. 

2) with the left side of screen removed. 

5) without lhe screen. 

The values arrived at are indicated in Table II. The quan¬ 
tify fk = a cm 2 /watt represents the number of cm 2 of surface 
required to dissipate 1 watt, and . gives an indication as to 
the efficiency of cooler; the external radiating surface of cool¬ 
ing tube is O = 252000 cm 2 . 

6) Hence fk = ^ TV /ur . . n cm-/walt. 


(Lk) KW X 1000 


— with screen 


without 
the left 
side 


without 


Table II 

Test No. 

1 i ! 

2 

1 4 

1 § 

1 6 

7 

1 8 

9 

10 1 

11 

12 

13 

1 14 

15 

16 

1 17 

1 18 

19 

20 

! 21 | 

1 22 | 

K> 

CM 

24 

Oil temp, at heating pipe, below 

11 

44.1 

28.4 

35.6 

45.1 

46.2 

47.8 

50.3 

43.3 

40.1 

32.0 

18.3 

21.2 

48.4 

66,2 

32.3 

26.0 

29.0 

33*8 

50.7 

43.8 

29.6 

42.8 

29.6 

„ „ after the pump 

\"i 

44.3 

29.3 

36.2 

45.4 

46.6 

48.1 

50.5 

43.8 

42.5 

37.9 

— 

— 

48.4 

65.6 

3S.6 

— 

— 

— 

— 

44,1 

— 

43 0 

— 

„ „ at healing pipe, above 

fa 

44.5 

29.0 

36.9 

47.4 

48.6 

50.8 

52.8 

46.8 

53.4 

55.5 

46.0 

80.7 

51.7 

72.4 

61.0 

46.8 

54.6 

63.5 

84.5 

47.0 

53.4 

45.9 

52.2 

Quantity of circul. oil, in litr. per min. 

V 

154 

35.3 

32.2 

36.6 

36.4 

33.3 

37.3 

22 

7.6 

4 00 

— 

’ - 

30.7 

32.0 

3.93 

— 

— 

- ! 

— 

30.6 

— 

31.15: 

■ - 

Oil pressure after the pump, kg/cm 2 

p 

1.70 

1.92 

1.90 

1.90 

1,92 

1.89 

1.90 

1.90 

1.90 

1.91 

— 

— 

1.87 

1.86 

1.90 

— 

-' 

— 

— 

1.90 

— 

1.90 

— 

Power consumed by motor 

kW 

1.860 

1.860 

1.710 

1.540 

1.530 

1.500 

1.500 

1.530 

1.580 

1.600 

0 

0 

1.510 

1.400 

1.560 

0 

0 

0 

0 

1.550 

0 

1.570 

0 

J1 

by- healing 

kW 

3.650 

0 

1.390 

3.590 

3.600 

4.000 

4.600 

3.040 

5.530 

5.040 

1.175 

3.750 

4.220 

8.630 

3.900 

2.700 

3.770 

4.810 

8.780 

3.920 

4.220 

3.890 

4.160 


in all 

kW 

5.510 

1.860 

3.100 

5.130 

5.130 

5.500 

6.100 

4.570 

5.110 

4 640 

1.175 

3.750 

5.730 

10.030 

5.460 

2.700 

3,770 

4.810 

8.780 

5.470 

4.220 

5.460 

4.160 

Barometric press, in mm Mercury 

B 

725 

719 

731 

725 

725 

731 

724 

724 

729 

729 

729 

730 

716 

723 

715 

721 

721 

731 

723 

721 

721 

723 

723 

Room temperature, in °C fi 

room 

15.0 

14.5 

15.2 

14.0 

15.1 

15.0 

14.5 

14.5 

14.5 

15.2 

14.3 

14.7 

13.9 

15.0 

12.0 

15.5 

14.1 

14.8 

14.4 

12.0 

11.2 

12.2 

12.0 

Temperature 
at outer sur- . 

f below 

| 450 mm above L 

| U 
* 41 /a 

37.0 

25.0 

30.2 

36.0 

35.7 

39.0 

40.0 

34.5 

28,2 

24.0 

17.0 

18.5 

38.8 

52.1 

24,5 

20.5 

23.0 

26.5 

39.0 

35.0 

22.0 

54.2 

20.0 

face of beat¬ 
ing tube 

1 in the middle 

u 

36.8 

2.40 

29.0 

35.1 

35.5 

37.6 

39.2 

34.2 

32.5 

29.9 

21.0 

31.6 

40.8 

57.0 

47.0 

35.0 

40.6 

47.7 

65.9 

36.3 

39.2 

35.8 

38.2 

1 above 

tc 

37.8 

24.8 

31.5 

38.7 

40.0 

41.5 

43.4 

38.0 

43.5 

46.0 

38.0 

65.3 

40.2 

57.6 

47.4 

38.4 

44.2 

51.4 

65.8 

36.4 

42.0 

35.5 

42.2 

Temperature of f below 
air at a distance < in lhe middle 

il 

16.0 

14.8 

16.3 

15.0 

16.0 

16.1 

15.0 

15.0 

15.0 

15.5 

14.5 

15.0 

15.0 

16.9 

13.0 

14.0 

15.0 

15.4 

16.0 

13,0 

11.6 

15.2 

13.0 

tfs 

16.8 

16.0 

17.0 

16.2 

17.0 

17.4 

16.2 

16.0 

16.2 

16.9 

15.4 

16.2 

15.9 

18.0 

14.0 

15.9 

16.5 

17.2 

17,9 

13.8 

13.0 

14.1 

14.6 

of 0.5 metres 

l above 

to 

17.1 

16.4 

17.2 

16.8 

17.4 

17.8 

16.6 

16.4 

16.8 

17.5 

16.0 

17.3 

16.2 

18.2 

14.6 

16.5 

17.0 

17.8 

18.3 

14.0 

13.2 

14.5 

15.0 

Average vaI.forhealingpipe(graph.) 

tm 

37.2 

24.6 

30.2 

36.7 

37.6 

39.3 

40.9 

35.5 

34.2 

35.3 

24.0 

35.5 

59.9 

55.6 

41.3 

52.8 

37.6 

44.1 

58.2 

35.9 

36.1 

35 5 

' 35.7 

fm—troom 


Alii 

22.2 

10.1 

15.0 

22.7 

22.5 

24.3 

26.4 

21.0 

19.7 

18.1 

9.7 

20.8 

26.0 

40.6 

29.3 

19.3 

23.5 

29.3 

43.8 

23,9 

24.9 

23.3 

23.7 

t 2 —troom 


Alp 

29.3 

14.8 

21.0 

31.4 

31.5 

33.1 

36.0 

29.3 

28,0 

22.7 

— 

— 

34.5 

50.6 

26.6 

— 

— 

— 

-- 

32.1 

' - 

30.8 

— 

ts—troom 


A'k 

29.5 

14.5 

21.7 

33.4 

55.5 

35.8 

38.3 

32.3 

58.9 

40.3 

31.7 

66.0 

37.8 

57.4 

49.0 

33.3 

40.5 

48.7 

70.1 

35.0 

42.2 

33.7 

40.2 

KW ra- 1 heating pipe 
diated : motor, pump, meter, 

Lh 

0.866 

0.369 

0.563 

;0.888 

0.880 

0.959 

1.053 

0.814 

0.758 

0.690; 

0.354 

0.805 

1.034 

1.737 

1.185 

0.742 

0.925 

1.185 

1.906 

0.941 

0.986 

0.914 

0.933 

Lp 

1,135 

0.655 

0.844 

1.214 

1.219 

1.282 

1.399 

1.135 

1.086 

0.901 

0 

0 

1.337 

2.069 

1.035 

0 

0 

0 

0 

1.242 

0 

1.191 

0 

by l 

pipe connections 

Lk 

3.509 

0.836 

1.693 

3.028 

3.031 

3.259 

3.648 

2.621 

5.266 

3.049 

0.821 

2.945 

3.359 

6.224 

3.240 

1.958 

2.845 

3.625 

6.874 

3.287 

3.234 

3.355 

3.227 

cm 2 per watt 

fk 

66.1 

278 

137 

76.6 

76.6 

71.2 

63.6 

88 3 

71 0 

76.1 

282 

78.6 

69.2 

37.2 

71.6 

118.5 

81.4 

64.0 

33.7 

70 6 

71.6 

69.1 ■ 

71.8 

cm 2 per watt 


fh 

40.4 

94.8 

62.1 

39.4 

39.8 

36.5 

33.2 

43.0 

i- ■- 

46.1 

50.7 

98.8 

43,5 

33.9 

20.15 

29.5 

47.1 

37.8 

29.5 

18 37 

37.2 

35.5 

38.3 

37.5 




Heating coil in upper part of pipe- 


Healing coil in lower part of pipe 
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The values derived from this formula are contained in 
Table II. The quantity fk is represented graphically in Fig. 4, 
as a function of the maximum oil temperature or excess tem¬ 
perature of oil above room temperature f 3 — troom = At it. The 
curves obtained, for constant quantities of oil, correspond 
fairly exactly to the expression fk = k/tk 1 * 5 . k is a constant 
for each quantity of oil. In the case of variable quantities of 
oil, the test results give us approximately the following for¬ 
mula:— „ k’ 


fk = 


or 


7) 


(Atk) x (v + a)n 

log (fk) = 4.62288 — 1.5 X log (Atk) — 0.272 X log (v + 5.22). 
The curves (a) in Fig. 4 are based on the equation 7). 
These values of fk apply to the case where the screen is re¬ 
moved, and the air can circulate freely round the cooler; they 
are about 14% smaller than when the screen is fitted. We can 
also obtain a similar value fh for the heating pipe, viz: 

8) fh= (Lh)KWXlOOO Cm ' / ' vatt ' 

The values derived from this formula are also included 
in Table III. It will be noted that fh is nearly half as small as fk. 
The present tests show that the arrangement adopted for the 
cooling system in question does not represent the most fa¬ 
vourable solution of the problem. The reason for the high 
values of fk resides in the fact that the tubes are disposed too 
close together for the given length of tube; consequently, the 
rising air has to overcome too great a resistance, with the 
result that it can only flow slowly and gets very hot. 

In the case of test 14, for instance, where the maximum 
excess temperature of oil above room temperature Atk = t a — 
troom was 57.8° C, the escaping air had a temperature of 47° C, 
for a room temperature of 15.9° C. There was thus between 
the incoming oil at 57.8° + 15.9° = 51.7° C and the escaping 
air at 47° C a temperature drop of 51.7° — 47° = 4.7° C. 

It is clear that, under such conditions, the cooler works 
in an uneconomical way. Tests were also carried out with a 
view to determining the distribution of the air above the 
cooler. A test with smoke showed that the air from below 
passed immediately into the centre of the stack and escaped 
at the lop. The value obtained during test 8 for the velocity 
of air between the tubes was about .7 m. per sec. 


It was not possible, with this cooler, to carry out accu¬ 
rate investigations with regard to the individual values of tem¬ 
perature drop between oil and metallic wall, or between me¬ 
tallic wall and air, as, owing to the low velocity of air, the 
inner parts of stack were cooled much less energetically than 
the outer parts, where the air could flow unobstructed. 

The metal temperature of the outer tubes and the tempe¬ 
rature of air flowing past them could, however, also be mea¬ 
sured. The values obtained are contained in Table III. If we 
now assume that the temperature of the oil flowing out of the 
cooler is given approximately by the average measured tern" 
perature t 1( we obtain, for °C| 
the test 14, the values of so. 
pressure drop plotted in 40 
Fig. 5. The ratio between 30 
thevaluesofpressuredrop 20 
atthe inlet of oil into cooler, 
in the case of one of the 
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Virtu=a 6°e . 
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t,. 5 -tu0-22.2 °C 
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hs't\2 ’18.3 °C 1 
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% to 
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__l 


Oil 

Metal 

Air 


K- 


outer angle tubes of cool- Coolcr ’ beIow Cooler, middle Cooler,above 
er is according to Fig 5 . Figr.5.VaIuesoffemperaliiredropduringtestl4. 

Temperature drop oil-metal r ;1 k s 6.1 1 

Temperature drop metal-air t 28 —1 12 18.5 5 ’ 

Recapitulation. 

1) The cooler was tested at different oil temperatures and 
with different quantities of oil, with and without screen, and 
the value fk = a cm 2 /watt ascertained for the whole cooler. 

2) No accurate daia could be obtained regarding the in¬ 
dividual values of temperature drop between oil and metal 
and between metal and air, as the oil, metal and air tempe¬ 
ratures, in the case of the inner tubes, could not be measured. 

5) The tests with natural oil circulation cannot be gene¬ 
ralised without further investigation, as the results depend 
entirely upon whether the source of heat is in the upper or 
lower part of heating tube. 

Further tests are to be carried out with a cooler of same 
length but consisting of oval tubes such as will permit of wider 
air passages, so that the air will be able to circulate through 
the inner parts of stack without encountering so great a re¬ 
sistance as in the present case. Tests will also be made with 
a cooler having two concentric tubes. 

with screen - : ______ 
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OERLIKON 

Electric Goods Locomotives for the Swiss 

Federal Railways. 


At the present time, when railway electrification 
is being widely advocated as the panacea for many of 
the existing evils of our transport system and a 
committee appointed by the Government is consider¬ 
ing, amongst other kindred problems, the-merits of 
the rival systems—the high-voltage direct-current 
system and the alternating-current system—the 
following particulars of developments on the single - 


between Goldau-Chiasso, making two journeys in 
twenty-eight hours, with a stop at each terminus of 
15 min. On inclines above 1 in 100 the trains are 
assisted by a banking locomotive. On the section 
Chiasso-Belhnzona, the train weight for one locomo¬ 
tive is reduced to C25 tons. During the whole time 
of the above-mentioned service, the temperature of 
the main electrical equipment must not exceed that 



FIG. 1—DRIVING MOTORS IN POSITION 


phase system of the Swiss Federal Railways should 
prove of considerable interest. In March, 1918, the 
genera), management of the Swiss Federal Railways 
ordered from the Ateliers de Construction Oerlikon, 
together with the Swiss Locomotive Works, Winter¬ 
thur, ten of the first electric locomotives of the 
2-G-6-2 type for goods service on the Gotthard line. 
Further orders for twenty-three similar locomotives 
followed in the spring and autumn of 1919 and the 
spring of 1920. In the meantime, the delivery of the 
first ten locomotives is already completed. For 
the goods service on the Lucerne-Chiasso section 
,—formerly the Gotthard Railway—the locomotives 
.ordered are required to haul a train of 860 tons 


given'by the Standard American Rules. On an incline 
of 1 in 38 a train weight of 430 tons has to be hauled 
at a speed of 22 miles per hour, and 300 tons at 31 
miles per hour, this latter weight must also be hauled 
at a speed of 40 miles per hour on an incline of 1 in. 100. 
Further, the locomotives must give on an incline of 
1 in 38 for 15 min. an output increased by 20 per cent., 
i.e., either by increasing the speeds or loads or by a 
combination of both. 

The starting effort demanded is that the locomotive 
must be able to start a train on a 1 in 3S gradient, 
with a weight of 430 or 300 tons, and accelerate in 
4 min. to a speed of 22 or 31 miles per hour respec¬ 
tively. The maximum speed of 40 miles per hour, of 



( 


which these locomotives are capable when hauling a 
300-ton load up a gradient of 1 in 100, enables them 
to be used for passenger and express trains on the 
mountain section of the railways. Some further 
particulars regarding the track, overhead line anti the 
locomotives are given in the Supplement attached at 
the end, showing the general arrangement of the 
locomotives, ,which we will now proceed to describe 
in detail. 

Mechanical Part. 

As already indicated by the type, the locomotive 
is composed of tw'O bogies, with three coupled driving 
axles and one trailer axle. To allow" of easy running 


) 

electrical apparatus is easily taken down, thus facili¬ 
tating the removal of the motors and giving easy 
access for inspection and repairs. The bogie frames 
are connected by a strong short coupling, which has 
a leaf spring inserted. This coupling transmits the 
tractive efforts from one frame to the other. The 
four motors are firmly fixed in pairs to the frames 
between the first and second driving axles. The 
power is transmitted from each pair of motors to a 
common slow-speed shaft carried in the frame by 
means of gearing on each side, having a ratio of 
4.03 to 1. The drive is transmitted from the crank 
pins^at each end of the slow-speed shaft to the driving 




FIG. 2-DRIVING MOTORS REMOVED 

wheels by means of connecting-rods coupled to the 
crank of a jack shaft. The first driving wheels are 
driven from slide bearings on the connecting-rods, 
while the other two pairs of driving wheels are con¬ 
nected thereto by means of coupling rods. The 
connecting-rod may bo considered to represent an 
inverted driving triangle with the slide bearing as its 
apex, but pow'er is only transmitted by the motors 
to one instead of two corners of the base. To allow 
for the necessary elasticity in the drive, the jackshaft 
is suspended from the frame by means of spring and 
link motion, which permits a definite horizontal 
movement. All driving wheels are fitted with two 
brake blocks, which are operated either by means 
of the usual hand brake or by double-acting Westing- 
house air brakes. Each bogie is fitted with a 15in. 


round curves, the centre driving axle of each bogie 
has lin. side play, and the trailer axles, which are 
carried on Bissel frames and have a lateral play of 
3Jin. each, are normally maintained in the central 
position by means of leaf springs. The springing of 
the bogie frames on the axles is of the usual construc¬ 
tion. Eor the purpose of equalising the pressures on 
the axles, the supporting springs of the first axle are 
connected by means of equalising bars with the 
trailer axle on one side and to the second driving axle 
on the other. The tw'O bogie frames are identical 
and interchangeable in their construction, which 
would appear to be a great advantage, both from a 
technical point of view, and in regard to the erection 
and maintenance of the electrical and mechanical 
equipment. The low protecting covering over the 
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brake cylinder. With the air brake, a maximum of 
80 per cent, of the total adhesive weight of the loco¬ 
motive is possible, and with the hand brake, which 
only affects one bogie, 90 per cent, of the adhesive 


3 

in three parts, the two end parts being fitted to the 
bogies, which support also either end of the middle por¬ 
tion. The electrical apparatus fixed in the end portions 
of the locomotive has only a low sheet iron covering 



FIG. 3—INTERIOR OF DRIVER’S CAB 

weight of that bogie is obtained. Four sanding boxes 
are fitted to each bogie. 

Four views of the locomotive, in one of which it is 
compared with other Oerlikon locomotives in service, 
are shown on pages 8 and 9. The locomotive body is 


fitted, the centre portion being left free to take the 
short locomotive body, which chiefly contains the 
transformer, drivers’ stands, &c. It is claimed that 
this method of contraction has advantages compared 
with others in that the short bodv can be of verv 
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FIG. 7—STEF SWITCH WITH 
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rigid and heavy construction, and. owing to its short 
length, all tendency to spring is eliminated. To 
prevent the ingress of snow and rain, the centre 
portion overlaps the two end coverings ; this also 
gives the locomotive a pleasing and continuous 
appearance. The driver has a free and uninterrupted 
view of the track in spite of the end sections of the 
locomotive, and has a certain sense of personal safety, 
owing to their being in front of him. The short body 
rests on each bogie on a pivot, and additional spring 
supports on each side of the pivot. One pivot is a 


Hasler speedometers and all the necessary controls 
for the locomotive. 

Electrical Part. 

In general, the arrangement of the electrical 
apparatus is similar to that of the express passenger 
locomotives of the 2—4-4-2 type already supplied 
to the Swiss Federal Railways. In the centre of the 
locoinotive is the oil-cooled step transformer, and 
arranged around this transformer are the main switch, 
a small converter and two-step switches for speed 


FIG. 8—STEP SWITCH WITH CONTACT LEVERS FOR HAND OPERATION 


fixture on the connecting girder between the bogies, 
the other has a certain amount of end play, so that no 
tractive strains are transmitted to the body. The 
end covers are provided with the necessary inspection 
doors at the top and sides. The air required for 
cooling the motors is drawn in by fans through pneu¬ 
matically regulated louvres in the end covers, and 
to prevent ingress of brake dust, sliding covers are 
fitted underneath. A ladder, pneumatically inter¬ 
locked with the current collectors, permits of access 
to the roof and the collectors. In each driver’s cab 
—Fig. 3—are fitted the air pressure gauges and 


regulation. The four motors, as already mentioned, 
are mounted in pairs on each bogie underneath the 
end covers. The inspection of the motors is possible 
while running, through suitable openings inside the 
locomotive. On each pair of motors are mounted— 
as shown in Figs. 1 and 2—the reversers and the 
cooling fan ; in front of them, but in a separate com¬ 
partment, are mounted the switching choking coil, 
two resistances for the auxiliary poles of the motors, 
ono brake choking coil and one air compressor. 

The step transformer—shown in Figs. 4 and 5 on 
page 4—is of the vertical core oil-cooled type, con- 
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structed for outdoor operation, and is placed in a 
draught tube or chimney, open at the top to the air, 
its cover forming part of the locomotive roof. This 
construction is advocated as more advantageous than 
that of the usual type of locomotive transformers, in 
that the heat is conducted direct to the atmosphere 
outside the locomotive cab, thus not affecting the 
interior. To remove the transformer, it is unnecessary 
to dismount any of the apparatus, and it can be re¬ 
moved when the pantograph collector is in the 
highest position. The cooling of the oil tank is 
assisted by two ventilating fans, which force air in 
at. the bottom of the transformer chimney. By using 
an oil-cooled transformer, the ingress of brake dust, 
&c., is eliminated. The transformer is constructed for 
a primary pressure of 15,000 or 7500 volts and a 


The secondary winding for the motors contains two 
separate sections, each with twenty-one tappings 
brought out through the transformer case on the 
respective sides, twelve of these tappings being con¬ 
nected to the step switches. The two sections are 
normally in series and wound for a maximum pres¬ 
sure of 567 volts, the complete winding being earthed 
at the connection between the two parts. The heating 
winding is arranged for a maximum pressure of 1180 
volts, and is provided with two tappings for 1000 
volts and 800 volts respectively, so that the heating 
of the coaches can be easily regulated on the locomo¬ 
tive. The tappings are connected with a heating 
switch provided with an off position. This switch 
feeds through a current transformer for the ammeter 
and current relay to a single-pole oil switch. The 





frequency of supply of 16-| cycles per second. Varia¬ 
tions of pressure of from 5 per cent, above to 15 per 
cent, below normal are compensated for by suitably 
arranged pressure tappings, so that the normal output 
on the low-pressure side is maintained. Owing to 
the danger of flashing over of the line insulators due 
to smoke and soot, &c., during the operation of the 
line by steam and electric locomotives, the medium 
pressure of 7500 volts is at present used, and taking 
into consideration the connection of the motors, the 
primary windings are divided into four groups, tw r o 
of -which are always in parallel. The change over from 
one pressure to the other is made by changing the 
connections from the coils, which are brought outside 
the transformer for this purpose. Tw t o independent 
secondary windings are provided, one for the motor 
circuits and the other for train-heading purposes. 


change-over switch is interlocked with the oil switch, 
so that it can only be operated when there is no pres¬ 
sure and the oil switch is open. The oil switch feeds 
the heater circuits on the coaches, or, when steam- 
heated trains are being hauled, a special electrically 
heated steam boiler. The heater circuits are earthed 
to the rails at their respective coaches, while the 
windings for these circuits have a capacity of 400 
kilowatts at 1000 volts andamaximum of 480 kilo-watts 
at 1180 volts, the latter for the preliminary heating 
of the train before service when the transformers are 
not otherwise loaded. 

The main oil switch is so constructed that the cover 
forms part of the roof, and the earthing switch, 
usually outside the oil switch, is, on these locomotives, 
inside the oil switch case. There are therefore no 
cables or terminals inside the locomotives under line 
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PARTIAL END VIEW OF LOCOMOTIVE 
























































LOCOMOTIVE WITH CURRENT COLLECTORS LOWERED 
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pressure. In contradistinction to other methods of 

construction, there are no high-tension chambers 

on these locomotives, and the 

possibility of touching high-tension 

apparatus, &c., is therefore tog R HP, S E 

_ Hg P5 km/h % 

removed, the only precautionary 

measures being the interlocking ^ 5000 1000 100 WQ 

of the main oil switch tank to 00 SO 

prevent it being lowered while 0,8 WO 800 80 8C 

under pressure. This is aecom- 70 _ 

plished by interconnecting the 06 300Q 600 &0 k 

tank-lowering mechanism with the 

air valve controlling the panto- Q4 2QQQ m 

graph collectors, so that the tank 

L 30 _ 

can only be lowered when there is 

T it XI -X 1 0.2 WOO 200 20 2 

no air pressure and the earth switch 

is closed. The switch is shown in 10 ~ 

Fig. 6 on page 5, with the tank *- 

lowered. In the circuit from the 

pantograph collectors are two knife THE ENG1 ' ,EEn ’ 

switches. They are operated from 

inside the locomotive and are 


The pantograph collectors, either of which can take 
the full-load current at a pressure of 15,000 and 7500 
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FIG. 10—MOTOR PERFORMANCE CURVES 


for the purpose of isolating a damaged panto¬ 
graph collector from the high-tension circuit. 
The whole roof installation is subjected to a 
pressure test of four times the normal, i.e., 60,000 
volts, applied ten times for a duration of 30 sec. 
with 5 min. intervals, and with all normally 
earthed connections in place. The transformers are 
protected against sudden surges that would arise 
when switching on the full line pressure, by means 
of a damping resistance, which is first put in circuit 
and then cut out step by step. This switch can be 
operated from either driver’s stand, being closed 
electro-piieumatieally and opened electrically or by 
a hand-operated emergency release. The automatic 
release is effected indirectly by two overload relays 
in the motor circuit and one in the transformer circuit, 
also by a no-voit relay connected with the low-pressure 
side of the transformer. Furthermore, the switch 
can also be opened by a key. The switch is so con¬ 
structed that it cannot be held closed on an overload 
or short circuit, even if the operating cylinder is 
still under pressure, or if the above-mentioned key 
is in the wrong position. The only protection on the 
ocomotive against over-pressures for the electrical 
apparatus is an induction coil mounted on the cover 
of the transformer. Previous experience, it is stated, 
has shown that it. is unnecessary to provide any 
elaborate or complicated protection devices on the 
locomotives, and that it is much better to equip 
the various sections of the overhead line with the 
necessary apparatus for protection against over¬ 
pressures. 


volts, are operated by air pressure in order to ensure 
smooth and reliable working at all temperatures. The 
pressure of the collector bow against the overhead 
wire remains practically constant at any height of 
the wire above the rail level between 15ft. 9in. and 
23ft. Both collectors can be operated from either 
driver’s stand by means of air valves. For raising 
the collectors when there is insufficient pressure in 
the reservoirs, a hand-operated air pump connected 
with the pipes leading to the collector mechanism is 
provided, by means of which one collector can be 
raised in 30 sec. The novel design of the collector 
bow is worthy of special attention. By means of 
suitable supports, the centre about which the; how 
turns is brought a certain distance below the highest 
joint of the pantograph frame. By this means it 
is claimed that the effects of small irregularities in 
the height of the overhead line are greatly minimised, 
as the angle between the collector bow and line is 
larger than with the old form of construction, 
thereby giving a greater springing effect. 

The motors, which are of the well-known standard 
construction of the Oerlikon Company, are semi- 
enclosed and of the compensated series type, with 
distributed field windings and auxiliary poles. 
There are no resistance connections between the 
commutator segments and the rotor winding: on 
the contrary, the connecting lugs between the two 
are liberally dimensioned to prevent heating 
effects. The twelve sets of brushes have five carbons . 
each, 40 mm. wide and 9 mm. thick. The brush holders 
are mounted on a cast steel ring, which can be revolved 
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for the purpose of e.asy brush inspection and adjust¬ 
ment. The spring pressure on the brushes remains 
practically constant during the life of the brush, 
which amounts to about 60 per cent, of the total 
length. The stator slots are closed and the rotor 
slots semi-closed and skewed the distance of one 
slot width for the purpose of damping harmonic 
oscillations in the current and pressure waves. The 
motors have twelve poles, and with artificial cooling 
arc capable of the following outputs at the wheel 
jrims :—550 horse-power at 400 volts for the U hour 
;1 rating ; 425 horse-power at 330 volts continuously, 
-•the speed being 560 revolutions per minute. The 
4characteristic curves for one motor working on a 
frequency of supply of 14.3 cycles per second are 
given in Fig. 10. The curves H.P. 200 ancl S 200 
relate to the horse-power output, of the motor and 
speed at the wheel rim in kilometres per hour tor a 
pressure of 200 volts. Similar curves are given for 
other voltages. The curves marked E, P and cos <p 
relate to efficiency traction effort in kilogrammes at 
the wheel rim and power factor. The chain dotted 
lines A, B ancl C indicate the continuous, one hour ancl 
maximum current ratings of the motor. The speed 
control of the locomotives is performed by regulating 
the motor voltage through step switches in the usual 
manner. On these locomotives there are two mechani¬ 
cally different types of step switches, one for hand 
operation and one for electric motor control. The 
switching sequence for the main circuits is the same for 
both types. One is of the drum type—see Fig. 7 
on page 5—as used for the Lotschberg locomotive, 
with the difference that the two drums are above one 
another, and that the servo motor only runs during 
switching operations, not continuously. The other 
type of switch—which is shown in Fig. 8 —consists 
of a contact lever system operated by means of a 
cam shaft, with specially formed press contacts and 
a central blow-out arrangement. This type of step 
switch is designed for hand operation and eliminates 
the large physical effort usually required by the 
personnel when operating the previously known 
types. As previously stated, the reverser is 
arranged on the top of each motor, with two positions 
for running, two for braking and a zero position. 
The reversing switches are operated by compressed 
* air apparatus, but they can also be operated by hand 
in case of emergency, the zero position being obtain¬ 
able by hand only. 

Regenerative Braking. 

Electric braking has advantages over mechanical 
braking in that it practically eliminates brake block 
and tire wear and metallic dust from the brake 


shoes. These advantages increase with the weight 
hauled, and it has ever been the aim to brake the 
whole train -weight on a down gradient by means of 
the locomotive which has hauled the train up the 
previous incline. In. comparing the various current 
systems—direct current, three and single-phase— 
for electrie railway operation, it has been previously 
considered that single-phase current was unsuitable 
for electric braking, but during the last few years 
the Oerlikon Company has developed a system which 
it is claimed removes this limitation. The arrange¬ 
ment is indicated in an elementary manner in Fig. 9. 
It will be seen that the armature of the motor is- 
connected in series with a choking coil C across the 
adjustable voltage tapping E x of the transformer T. 
The series field windings are connected to another 
suitably chosen tapping E 2 on the same transformer. 
With these arrangements of the connections and a 
suitably dimensioned reactance, the machine when 
acting as a generator opposes to rotation an approxi¬ 
mately constant torque from standstill up to high 
speeds. This can be readily illustrated in an elementary 
manner if, as a first approximation, we assume the 
machine to be without ohmic and iron losses. The 
vector diagram is then of the simple form shown in 
Fig. 9. The magnetising current I 2 and flux F pro¬ 
duced by it are displaced 90 deg. with respect to the 
two voltages E : and E„, which are in phase with 
each other. The voltage E r induced by the rotation 
of the armature is in phase with I 2 and F. To com¬ 
plete the diagram the current I t in the armature 
circuit is displaced 90 deg. with the resultant 
of the voltages E x and E,. Then we have— 

F = const. I 2 = const. E, 

Ii — ^ ~^ 1 ; where X is the reactance 

X 


of the choking coil C. 
sin 9 = 


Ex 


~ E , 2 

The torque — const. F I x sin 


9 


= const. E 2 


v 


/Ep 


E , 2 


X 


— const. 


EjE 2 

“xT 


Ex _ 

VE X 2 + E , 2 


Namely, with a given excitation and terminal 
pressure the torque is constant and the output 
Ex lx cos 9 or E,. I x sin 9 is proportional to the speed. 
The torque varies proportionally to the terminal 
pressure E l5 and in inverse proportion to the re¬ 
actance X. The theoretical curves in Fig. 9 have 
been drawn for three different values of E, in the 
ratio of 1 to 0.6 to 0.3. The, excitation is adjusted 
so that the generator gives 100 per cent, voltage at 
100 per cent, speed. 



As a motor, the machine does not possess series motor 
characteristics and operates at a lower power factor 
than the ordinary series motor, so that there is 
no special advantage in using the machine in this 
manner. The conversion of the machine operating 
for regenerative braking into the ordinary series 
motor for driving the locomotive is effected by short 
circuiting the chokine coil and connecting the field 
Windings in series with the armature. It will be 
seen that the additional equipment provided for 
regenerative braking consists of a choking coil 
with the addition of another small choking coil in 
parallel with the interpole windings of the motor 
for improving the commutation. 

The handling of the brake is straightforward, sines 
the braking effect is regulated by the same controller 
and step switch as used for motor control opera¬ 
tion. The change over from running to braking 
is made by means of the reverser, which is designed 
to include this operation. A service application of 
the brake is as follows :—When running on to a down 
gradient the step switches are brought to the zero or 
off position ; the reversers are then moved to the 
“ brake forward ” position, and braking is then 
commenced by. operating the main controller hand 
wheel in the driver's stand. On the first steps the 
braking effort is relatively small, and is gradually 
increased by turning the controller wheel, whereby 
the braking current is increased. Any desired speed 
can. be obtained, as the control is similar to the control 
of the motors, the same number of steps being avail¬ 
able for braking as for running, and braking effects 
can be obtained right up to " stop.” The brake 
choking coil prevents the current in the motors becom¬ 
ing excessive, right up to the “ stop " position. It is 
claimed that the braking can also be commenced at 
the highest, speed without excessive sparking of the 
monoi'S or causing any current surges. Furthermore, 
the braising is unaffected by pressure or periodicity 


variations in the overhead hne. The full braking 
effort can he immediately cut out by means of the 
main oil switch in the event of the current collector 
breaking or leaving the overhead line without any 
injurious effects resulting from the mishap. When 
the down-gradient section is passed upon which 
electric braking has been used, or if the train has been 
brought to a standstill, the step switches are returned 
to the zero position by means of the controller, and 
the reversers operated by bringing the reversing lever 
to the “ forward running” position, when the motor 
connections are again made for starting. It may he 
mentioned that the interlocking of the various parts 
of the, electrical equipment, as used when running 
for safety purposes are also in operation when braking, 
so that mistakes by the driver are prevented. As 
already indicated, a characteristic of the braking 
system is that the braking effort is entirely inde¬ 
pendent of the speed, and depends only upon the 
pressure ; thereby inconsistencies of braking are 
eliminated. Any desired speed can be obtained with 
a. given train weight by regulating the braking effort. 
The Oerlikon Company claims that the method allows 
the safest possible .braking electrically, and states 
that the operation has been proved by repeated trials 
made with their new locomotives on the Lotschberg 
line. The efficiency of the regenerative braking 
under normal service conditions is given as 
approximately '75 per cent.; the power factor of 
the regenerated energy is between 0.6 to 0.7, ignor¬ 
ing the power used for auxiliary apparatus—com¬ 
pressors, fans, &q. If these are considered, the power 
factor is about 10 per cent, low'er. Against the many 
advantages there appears to be one small disadvantage 
in the slight increase of the weight of the locomotive, 
due to the brake choking coil. This, however, only 
amounts to about. 3 to 4 per cent, of the total weight 
of the locomotive, or 7 to 9 per cent, of the weight 
of the electrical equipment. 
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Particulars of Road and Locomotive. 


Locomotive {continued) 

Weight of mechanical part, including 

air brake. • • • • ’: 

Weight of electrical equipment, mcludi 

for regenerative braking • • - • 

Personnel and accessories, &c. 

Total weight ready for service 

Axle loads .. • • ^ 

Adhesive weight. 

Coefficient of adhesion at l abour rating 
Coefficient of adhesion at starting .. • 

Weight per yard of length . - • • 


Locomotive (continued) 

Maximum speed • • • • 

Length over buffers . v - • • * 

Extreme distance between wheel centres 
Extreme distance between wheel centres On 
Extreme distance between driving whee 

one bogie ,. . 

Diameter of driving wheels . 

Diameter of trailing wheels . . • • • • 

Crank-pin radius . 

Gear ratio . . ... 

Maximum height of locomotive over driver 
Maximum width of locomotive 


70.6 tons 


40 miles per H|our 
63ft. 8in. 

54ft. 2in. 

22ft. 


■ ■■■ phase A.C- 

i or 7500 volts 

15ft. 9in. to 23ft. 


56.4 tons 
1 ton 

128.0 tons 
6.9—18.2—12 tons 
104 tons 
1 : 6.1 

1 : 4.73-1 i 4.33 
6.1 tpns 


, rail level. • • * • • 

iel rims at 221 miles per hour 


1700 hprse-power 
2200 horse-power 
2520 horse-power 
28,800 lb. 

38,400 lb. 
48/52,800 


power ( 
inuous 


mil^s per hour continuous rating 

miles per hour 11 hour rating 


■Minimum curve radio 
Gauge .. 

Bail weight per yard 

































































Fig. 1. Express locomotive of the Swiss Federal Railways, fitted with Oerlikon compressor, Type CAH. 

SMALL OERLIKON COMPRESSORS 
AND VACUUM PUMPS. 

A. General Remarks. 

The small Oerlikon compressors are used with advantage wherever compressed 
air is required in quantities up to 140 cu. ft./min. and at pressures up to 115 lbs/sq. in. 
(gauge). They are specially suited for the following purposes: 

Traction: for the remote control of signals and points, for the electro-pneumatic operation of 
switchgear; for actuating compressed air brakes, pantographs, sand sprays and whistles 
of locomotives, framcars and motor coaches driven electrically, by petrol motors or by 
other such means; as portable sets, for testing the brakes of individual coaches or trains. 
Mines building sites and workshops: as stationary and portable equipments, for operating 

-drilling machines and auxiliaries, for the supply of compressed air in galleries, for 

foundation work, for sand blast apparatus, for colour sprays, for operating all com¬ 
pressed air tools, specially for riveters, for dust blow out installations, etc. 

The Oerlikon vacuum pumps create very rapidly a vacuum of 22.8 in. mercury. 
Owing to small power consumption and very compact design, these pumps have found a 
very wide field of application. They are specially suited for the following purposes. 
Traction: for operating the vacuum brakes of locomotives, tramcars and motor coaches 

-oFall types; as portable sets, for testing the brakes of individual coaches or trains. 

Industries- for creating the vacuum required during drying out operations in connection wi h 
~Laire of certain electrical gear, insulation material, etc. vacuum up to *»•/.. 
Transformer instailations: for creating the necessary vacuum during the drytng out of cL 
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In order to be in position to supply plant with small weight and requiring little 
space, capable of meeting the most varied conditions, the following types of compressors 
and vacuum pumps have been evolved. 

Type A with 2 cylinders disposed as a “V”, in upright position. 

Type AH with 2 vertical cylinders arranged one behind the other, in upright position. 

Type AI with 1 vertical cylinder, in upright position. 

Type T with 2 horizontal cylinders arranged in opposition to each other, in in¬ 

verted position. 

Type TH with 2 horizontal cylinders, arranged one behind the other, in inverted 
position. 

Type T1 wilh 1 horizontal cylinder, in inverted position. 

Type F for mounting at end of motor shaft, with 1 vertical or horizontal cylinder; 

motor arranged in the usual way or inverted. This type is only suitable 
for quantities of air up to 5.3 cu. ft/min. 

All these types can be used for stationary and portable equipments; the plant is self- 
cooled. The compressors and vacuum pumps have been designed to meet the very severe 
conditions laid down by railway authorities; they are characterised by the following features: 

Robust construction: The Oerlikon Company has had over 20 years experience in the 
construction of locomotives and traction material in general, and has thus been in 
position to produce designs of compressors and vacuum pumps to meet the most 
severe traction conditions. 

Small space required. The Oerlikon compressors and vacuum pumps are driven^by high 
speed electric motors, through reduction gear, and require very little room. The type 
with vertical cylinders and the inverted tramcar type with horizontal cylinders, in par¬ 
ticular, are specially built with a view to obtain the maximum output with the smallest 
dimensions of plant. The tables on pages 7 and 8 show the very satisfactory re¬ 
sults obtained in this direction. 

High efficiency. In view of the insertion of reduction gear between motor and com- 
pressor, it is possible to choose the most favourable speeds for both machines. The 
very effective lubrication provided improves the efficiency of the plant still further. 

Smooth running. Crank shaft, piston rod and piston are balanced by means of counter 
weights, so that the compressors as well as the vacuum pumps run very smoothly, 
without vibration or objectionable noise. 

Very little attention required. The accessories of the compressors comprise, in the case 
of large units,"^governor which acts direct upon the switch, and, for small units, 
a no-load valve; consequently, no attendance is required, apart from the daily in¬ 
spection of lubrication. These remarks also apply to the vacuum pumps. 

Easy supervis ion. If is sufficient to drain off, from time to time, the oil that collects in 
the casing. 
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B. Small Compressors. 


The Oerlikon compressors are of the reciprocating' type and self-cooled; they are, 
as a rule, built for a working pressure of 115 lbs/sq. in. (gauge) and can be driven 
either electrically or mechanically by means of chain or belt, as desired. In the former 
case, reduction gear is provided between motor and compressor; this gear is of very 
accurate design and made of special hard steel, so that every guarantee of durability 
and noiseless operation is afforded. In the latter case, the compressor is supplied with 
free shaft end. 



U F % HP cu. 

ft./min. 


Fig. 2. Compressor, type CA, for locomotives 
and stationary installations. 

Delivery 70 cu. ft./min., working pressure 100 Ibs/sq. in. 
(gauge). Single-phase series commutator motor, 18 HP, 
220 volts, 16'-/a cycles, 1550 r. p. m. 


Fig. 5 . Curves taken at the acceptance tests 
of a compressor, type CA. 

Q — Delivery in cu. ff/min. 

L = Output in HP. 

V — Adiabatic efficiency, in %. 

T —= Temperature outside cylinder head, in "F. 


35.3 


320 80 28.2 


248 60 21.1 



Fig. 4. Compressor, 
type CAFI, for loco¬ 
motives or station¬ 
ary installations. 



Delivery 70 cu.ft/min., 
working pressure 100 
Ibs/sq.in. (gauge). 
Single-phase series 
commutator motor, 18 
HP, 220 volts, 16 s /s 
cycles, 1550 r. p. m. 
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Fig 1 .5. Compressor, type CT, for motor coaches. 



Fig. 6. Compressor, type CAF, for operat¬ 
ing whistles and sand sprays of motor 
coaches and tramcars. 



Delivery 34 cu. ff/min., working pressure 100 Ibs/sq.in. 
Single-phase series commutator motor, 8 HP 220 volts. 
16 2 /o cycles, 1600 r. p. m. 


Delivery 1.8 cu. ff./min., working pressure 57 Ibs/sq. in. 
(gauge). D. C. series motor 0.75 HP, 

750 volts, 1000 r. p. m. 


Fig. 7. Portable compressor, 
type CAF, for equipments for 
blowing out dust. 

Delivery 2.1 cu .ff./min., working pres¬ 
sure 57ibs/sq.in. (gauge). D.C.series 
motor 0.8 HP, 120 volts, 960 r. p. m. 


The compressors are provided with an air filter in the suction pipe and with a 
safety valve. The lubrication is very copious; the oil is led to the crank bearing through 
the crank shaft, and from there to the piston. Oil separators can also be supplied, if 
desired, for preventing the oil entrained by the air from penetrating into the pipes. Lu¬ 
brication and cooling are provided in such an ample way as to be sufficient for con¬ 
tinuous operation. When not otherwise specified, the motors are rated for uninterrupted 
operation during 60 minutes or intermittent service with a ratio of 1 to 1 between work¬ 
ing times and periods of rest. The motors are supplied for all current systems, pressures, 
and in all designs (open, enclosed etc). 

In the case of automatic operation of the compressors, the following accessories 
can be supplied, if desired: with small units, a special no-load valve; with units of me¬ 
dium size, a governor which actuates a main switch, and causes the motor to operate 
between two given limits of air pressure in the reservoir (usually about 70 to 100 Ibs/sq. in. 
(gauge). With large units, we supply, in addition to the device mentioned above, a centri¬ 
fugal switch mounted on the shaft of the motor, which short-circuits the starting resi¬ 
stances under the action of the centrifugal force, when the motor has reached a sufficient 
speed; this device makes it possible to keep the starting current within permissible limit. 
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C. Oerlikon Vacuum Pumps. 

The Oerlikon vacuum pumps are of the reciprocating type an dself-cooled. They are 
of a design similar to that of the compressors; consequently, they are suitable for the 
most different modes of mounting, require very little space and can be driven electrically 
or mechanically. The vacuum pumps serve for the production of a normal vacuum of 
28.3 in., with a barometric height of 30 in. They can, therefore, reach very rapidly the 
vacuum of 22.8 in. required for operating the brakes. Once this vacuum is reached, it is 
kept constant by means of a valve. 



Fig. 8. Vacuum pump, type VA, for 
locomotives and stationary 
installations. 

D. C. scries motor, 4.5 HP, 220 volts, 2800 r. p. m. 



Vacuum 
in °/ 0 of 
barometer 


^ Power 
; consump- 
, j lion in HP 


/ 2 3 4 S 6 7 8 9 10 Min. 

Fig. 9. Comparative results obtained with a reciprocat¬ 
ing pump KP and a rotating pump RP, when exhausting 
the air in a tank with a capacity of 20 cu. ft. 


Fig. 10. Portable vacuum pump for 
transformer installations. 


- <•,. v‘ " • O •• ■ 
■„ • n' j , • V« u■“ 


The Oerlikon vacuum pumps are built for continuous operation. In the case of 
large units, we recommend the provision of two speeds. The pump then runs only during 
short periods at the higher speed, in order to get the brakes ready as rapidly as pos¬ 
sible, when starting; under normal conditions, however, the pump operates at half speed. 
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as it has only to extract the small quantity of air which penetrates unavoidably into the 
air pipes. The small vacuum pumps as well as the pumps with mechanical drive are 
only arranged for one speed. Through the provision of two speeds the power consump¬ 
tion is reduced to a minimum. It can, in fact, be said in a general way, that the Oerlikon 
vacuum pumps are characterised by their low power consumption, as can be seen from 
the curves in fig. 9, this being due to the small friction surfaces and to first class workmanship. 

D. Accessories for Compressors and Vacuum Pumps. 

The Oerlikon Company manufactures all the accessories required for complete 
compressors and vacuum pump equipments and the following gear, in particular: 

Governors for all sizes of compressors, with 
main switch built on, for all supply sys¬ 
tems, pressures and currents. 

Safety valves, non-return valves. 

No-load valves for small compressors. 

Automatic vacuum reducing valves. 

Oil separators, hand operated air pumps. 



Fig. 11. Governor with 
switch for three-phase 
supply. 


Fig'. 12. Governor with 
switch for single-phase 
supply. 
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Oerlikon Compressors arranged in upright position. 

Main dimensions A, B, C of sets, in mm. 



O 



Type CAEI« 


_ o 

= F Quantiyofair 
p s delivered 1 ) 

Com¬ 

pressors 

Type 

° & 
o bo 

1 n 3 

C ^ fO 

o ra bo 
U 

5.2.5 

£ Q.tf 
o 

o, c V 

3 (O 
C0J3 

HP 

Single-phase 

Series- 

Collector- 

Motors 2 ) 

110—220 V 

16 2 / a ry 

ABC 

up 

A 

to 600 V 

B C 

D. 

up to 800 V 

ABC 

C. Series-Moto 

up to 1200 V 

A ' B C 

rs'-) 

up 

A 

to 1500 V 

B C 

up 

A 

to 1800 V 

B C 

Two- and 
Threephase- 
Motors 2 ) 

up to500V,50 v. 

ABC 

2.8 

CAEF n 

0.9 




575 

665 

410 













575 

570 

410 

4.5 

CAEF, 

1.6 




470 

810 

510 













470 

670 

510 

9.0 

CAEFa 

5.2 




575 

770 

700 













575 

675 

700 

9.0 

CAEFb 

5.2 

470 

920 

700 



















15.0 

CAEFc 

4.6 




470 

920 

700 













575 

675 

700 

14.5 

CAE 2 a 

5.1 

720 

1050 

575 










720 

1050 

575 







17.5 

CAE 2 b 

6.2 




720 

920 

550 













720 

920 

550 

17.5 

CAE 2 c 

6.2 

720 

1050 

575 









575 

720 

1050 

575 







22.0 

CAE u d 

8.0 




720 

1050 

575 













720 

920 

550 

52.0 

CAE 4 a 

10.0 

860 

1225 

725 

860 

1070 

675 



675 

860 

1070 

675 

860 

1070 

675 

860 

1225 

725 

860 

1070 

675 

40.0 

CAE 4 b 

15.0 

860 

1225 

725 

860 

1070 

675 


1225 

725 


1225 

725 

860 

1225 

725 

860 

1225 

725 

860 

1070 

675 

55.0 

CAE. t c 

19.0 

860 

1400 

775 

860 

1225 

725 


1225 

725 

y 

1225 

725 

860 

1225 

725 

860 

1400 

775 

860 

1225 

725 


’) referred to the initial suc¬ 
tion conditions forlOOIbs./sq.in. 
(gauge), after 15 minutes con¬ 
tinuous operation. 


B 




2 ) Motors for confinuousope- 
ration during 60 minutes or for 
intermittent service, with a ra¬ 
tio of 1 to 1 between working 
times and periods of rest. De¬ 
sign: totally enclosed for one 
hour rated machines; open or 
enclosed ventilated for continu¬ 
ously rated plant. 


Type CAE 2 — 
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Oerlikon Compressors arranged in inverted position. 

Main dimensions A, B, C of sets, in mm. 


Type CTEF o —1 






Type CTEh 


/~»s 

Com- o be 
I pressorsi c'Z o 
i o ra ec 


Cn 

cu. ft./ 
min. 


Type 


±- 4 -- ra 

o ra bo 

O w 
t- c c 
ty O *— 

§11 

<n-Q 



D. C. Series-Motors a ) 


Two- and 
Threephase- 
Motors a ) 


up to 600 V I up to 800 V I up to 1200 V I up to 1500 VI up to 1800 V up to 500 V, 50 cvj 


2.8 

CTEF 0 

0.9 




4.5 

CTEFj 

1.6 




9.0 

CTELa 

5.2 




9.0 

CTEI 2 b 

5.2 

700 

920 

400 

15.0 

CTEI,c 

4.6 




14.5 

CTE 2 a 

5.1 

1000 

1050 

480 

17.5 

CTE 2 b 

6.2 




17.5 

CTE 2 c 

6.2 

1000 

1050 

480 

22.0 

CTE 2 d 

8.0 




25.0 

CTE 3 a 

8.0 

1160 

1260 

580 

27.0 

CTE a b 

9.5 

1160 

1260 

580 


410 665 520 
510 810 400 
700 770 570 

700 920 400 

1000 920 400 

1000 1050 480 


700 920 400 700 920 400 


1000 920 400 1000 920 400 1000 1050 480 


1000 920 400 1000 1050 450 1000 1050 480 


8.0 1160 1260580 1160 1100 480 1160 1100 480 1160 1100 480 

9.5 1160 1260 580 1160 1100 480 1160 1100 480 1160 1100 480 1160 1100 480 



410 

570 

520 

510 

670 

400 

700 

675 

570 

700 

675 

570 

1000 

920 

400 

1000 

920 

400 

1160 

1100 

480 


9 referred to the initial suc¬ 
tion conditions for 100 lbs./sq.in. 
(gauge), after 15 minutes con¬ 
tinuous operation. 



a ) Motors for continuous ope¬ 
ration during 60 minutes or for 
intermittent service, with a ra¬ 
tio of 1 to 1 between working 
times and periods of rest. De¬ 
sign: totally enclosed for one 
hour rated machines; open or 
enclosed ventilated for continu¬ 
ously rated plant. 


Type CTE 2 — 8 . 
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Travelling gantry crane for the handling of tree trunks. 

Working load 6 tons. Span of bridge 182 ft. Overall length of bridge 213 ft, 

The trunks are gripped at two places by means of special tongs, so as to increase the degree 

of safety when handling them. 
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Machine room of fhe Tourtemagne power station with the two 8000 KVA three-phase generators 
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ATELIERS DE 


The Generating Stations of the Lake of Ill and Tourtemagne 

Power Supply Company. 


The hydro-electric power stations of the Lake of Ill and 
Tourtemagne Power Supply Co. are situated in the Upper 
Valais, opposite Loueche, on the steep mountain slopes over¬ 
hanging the Rhone; they afford a typical example of a power 
development where a constant output is ensured throughout 
the year, through the combined operation of a lower gene¬ 
rating station, for service mainly during the summer months, 


The plant, at present provided, has a capacity of 20,000 HP. 
The upper installation — theOberems power station — makes 
use of the water accumulated during the summer months in the 
lake of Ill (7708 ft. above sea level), which has been dam¬ 
med in order to increase its capacity. The water is conveyed 
from the lake to the surge chamber in a pipe line about 2 Va 
miles long, laid in a tunnel, and from there through a pressure 


Aeroplane view showing- the Lake of III and Tourtemagne power development, taken from a north-easterly direction. 


Illsec max. 
sphter 
min. 

Meretschisee 
Pumpanlage Meretschi 
Wasserschloss 


2353 m = Lake of Ill max. 7717 ft. 

2360 m = later on 7740 ft. 

2308 m = min. 7570 ft. 

2358 m = Lake of Meretschi 7734 ff. 

2273 m = Meretschipumpingstalion 7455 ft. 
2265 m = Surge chamber 7429 ft. 


Ausgleichsweiher 
Zentrale Oberems 
Turfmannbach 
Meretschibach 
Zentrale Turtmann 


WasserfassungHUbschweidii 1401,5 m = Intake at Huebschweidli 4596 ft. Rhone 


1360 m ----- Balancing reservoir 
1371 m Oberems power station 
~ Tourtemagne stream 
-- Meretschi stream 
634 m •--= Tourtemagne power-station 
630 m 

— River IJhdne 


4460 ft. 
4496 ft. 


2079 ft. 
2066 ft. 


when the water from alpine streams is plentiful, and an upper 
power station deriving its water supply from a storage lake, 
which can make good, in winter in particular, the deficiency 
in power of the other generating station. The lower instal¬ 
lation, the Tourtemagne power station, is situated down in 
the Rhdne Valley, near Muehlackern; it utilises the water from 
the Tourtemagne stream, which is led through a pressure 
pipe line to the turbines, the head available being 2381 ft. 


pipe line to the power station at Oberems (4496 ft. above 
sea level), the head available being here 2933 ft. In order 
to increase the quantity of water stored in the lake of III, a 
pumping station has been erected at Meretschi, near the pipe 
line of the Oberems power station; this installation serves to 
pump the water available at that point, into the lake through 
the pipe line, during the summer months. The whole electrical 
equipment for the two power stations, as well as for the 
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Merefschi pumping station, was supplied by the Oerlikon 
Company. 

The Tourtemagne power station, which was put into ser¬ 
vice in the summer of last year, is at present equipped with 
two sets; provision has, however, been made for a third unit, 
to be installed at a later date. The generators are of the to¬ 
tally enclosed self-cooled type, the fresh air and warm air 
ducts being arranged under the floor of the machine room. 
When the outside temperature is low, the air ducts can be 
closed externally and the air inlet bends on either side of the 
machine removed, in order to permit of the air being drawn 
from the machine room; the warm air then escapes back into 
the machine room through openings provided for the purpose. 

The generators are provided with overhung exciter and 
coupled direct to Pelton turbines; they are each designed for 
a continuous rating of 8000 KVA at 750 r. p. m. and are wound 
for 9500/10,000 volts, 50 cycles. The pressure regulation is 
obtained by varying the excitation of the exciter alone. The 
rotors were subjected to a runaway speed of 1550 r. p. m., 
for a minute, in the pit for overspeed tests at the Oerlikon 
Works, without any permanent deformation being observed. 
In view of the high speed of plant, the Oerlikon Company 
have adopted, in the case of these machines, the special rotor 
design evolved by them for high speed generators, where the 
individual poles are fastened to the rotor rim by means of 
claws inserted in round holes. In order to ensure great me¬ 
chanical strength, all the parts of rotor subjected to stresses, 
and the rotor rings, in particular, are made of high grade 
forged steel. An important feature of these rings resides in 
the fact that they are machined on all sides and do not have 
any projecting parts, so that they can be forged without dif¬ 
ficulty; it is thus possible to obtain a material with very 
homogeneous structure, and free from internal stresses. 
Owing to the relatively small bore of machine, a separate hub 

has been 
dispensed 
with, the ro¬ 
tor rings 
being 
shrunk di¬ 
rect on the 
shaft,which 
is provided 
with corres¬ 
ponding 
shoulders 
(see also 
Bulletin 
Oerlikon 
No. 47). 
When dis- 
rn a n tl in g 
the rotor, 
for trans¬ 
port for in¬ 
stance, the 
individual 


poles can be removed axially, in a simple way. The stator 
winding is made up of former wound coils, which are in¬ 
sulated and impregnated by a special process, in view of 
the rather high pressure to be dealt with. 

The switchgear installation is in the fore part of the 
power house, which is in the form of a basement reaching 
only up to the level of the machine room floor; this arran¬ 
gement, which is specially suited for a building situated on 
a steep slope, as in the present case, affords a happy so¬ 
lution of the problem in question, not only from a technical 
standpoint, but also from an architectural point of view, as 
it gives to the whole power house, a very pleasing appearance. 

The switchgear basement is provided with two doors 
leading outside, while it also communicates direct with the 
machine room; it is subdivided into two switch rooms, one 
for the main services (generators and main outgoing feeders) 
and the other for the auxiliary services (power station supply, 
lighting of village, etc.), with the control room in between; 
the latter is equipped with two switch desks with all the ne¬ 
cessary instruments and supervisory gear for the control of 
the power station. The arrangement of switchgear is such as 
to permit of the easy supervision of installation, while the 
isolating distances for the 10,000 volt gear are very ample. 
The whole H. T. apparatus is disposed in cubicles. Apart 
from this switchgear installation, which contains all the ap¬ 
paratus required for the generators, for the incoming cables 
from the upper power station at Oberems and for the out¬ 
going circuits, there is an outdoor substation, situated close 
by, where the pressure is stepped up to 60,000 volts for the 
power transmission to Chippis. Provision has been made 
for two busbar systems, so that each unit can be operated 
independently on different services. The various 10,000 volt 
overhead lines for the supply of the neighbouring villages 
scattered over the mountain side are connected to the busbars 
through the intermediary of a protective transformer with a pres¬ 
sure ratio of 1:1. As regards protection against surges, the 
method adopted for this extensive overhead system, consists 
merely in inserting a length of cable between the overhead 
lines and the switch room, and providing an ordinary chok¬ 
ing coil at the point of leading in, an arrangement which has 
proved entirely satisfactory for the conditions in question. 

On the 10,000 volt side, use is made of single-tank oil 
circuit breakers; the latter have a rupturing capacity of 
about 100,000 KVA and are fitted with the new Oerlikon re¬ 
mote control equipment. With this design of remote control, 
the operating gear is mounted directly on the cover of cir¬ 
cuit breaker or on the spindle, the main object aimed at 
being to avoid all intermediate members between the lever 
of the circuit breaker and the operating gear, so as to eli¬ 
minate the possibility of any alteration in position of con¬ 
tacts through deformation, etc. It is thus possible to adjust 
the contacts with great accuracy and to test the circuit 
breaker very carefully, together with its operating gear, at 
the Works before despatch, this being a matter of no little 
importance in the case of oil circuit breakers with small di¬ 
mensions, where the distance of travel of contacts is itself 
small and must, as far as possible, not be reduced. 



Oil circuit breaker for 12000 volts, with remote 
control equipment. 
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A special advantage secured through the adoption of a 
motor equipment instead of operating magnets, for the remote 
control of the circuit breakers, resides in the fact that the power 
consumption of the former is lower (1 to 3 KVA) while, on 
the other hand, the motor can be chosen for use either with 
direct or alternating current. The operation of circuit breaker 
is controlled, in the usual way, by means of a master switch, 
without the intermediary of contactors. The torque of the 
motor is transmitted to the spindle of circuit breaker by means 
of reduction gear, which is itself provided with a friction 
coupling, so as to prevent jerks such as might otherwise oc¬ 
cur owing to the effect of the liberated kinetic energy of the 
masses displaced. — In view of the high value of , the switch¬ 
ing in speed, which am¬ 
ounts to about 3 ft. per 
second, the gear ratio be¬ 
tween motor and spindle 
of circuit breaker can be 
taken quite small so that 
the switching in time does 
not exceed .2 to .3 seconds, 
this being entirely satisfac¬ 
tory for paralleling opera¬ 
tions. The circuit breakers 
are arranged for automatic 
release and fitted, for this 
purpose, with free handle 
device, the opening of cir¬ 
cuit breaker being ensured 
by a spring which is com¬ 
pressed during the switch¬ 
ing in operation. Provision 
has been made, in particu¬ 
lar, for the release of cir¬ 
cuit breaker in the event 
of the current supply of 
motor failing during lhe 
switching in process. On 
the oilier hand, should 
there be a short-circuit in 
the line when switching in, 

the circuit breaker opens .. .. 

immediately and remains One Of the 1500 KVA transformers of the Merefschi pumping station, 

in the ’’off” position, until 

the master switch controlling the circuit breaker is operated 
again; consequently, all possibility of’’hunting” between the 
”on” and ’’off” position is eliminated. 

The motor of operating gear is a vertical single-phase 
repulsion motor, deriving its current from the 220 volt three- 
phase supply. In view of this, it has been possible to dispense 
wilh a separate D. C. supply for the operation of the nume¬ 
rous oil circuit breakers, a small battery of accumulators 
being sufficient for lhe requirements of the trip coils. The oil 
circuit breakers are released indirectly by means of relays 
used in conjunction with instrument transformers; the relays 
are of the induction type and fitted with time lags. In order 
to prevent the generator pressure from reaching an excessive 


value, provision has been made for maximum pressure relays 
which come into play at a pressure about 20% above nor¬ 
mal. The effect of these relays is to cause first a momentary 
throttling of excitation, after which the release of circuit 
breaker takes place. 

The Oberems power station is equipped, for the time 
being, with two generating sets, accommodation being further 
provided for a third unit. The generators are of the same 
type as those at the Tourtemagne power station, but are built 
for coupling to 5600 HP turbines; the continuous rating of 
these machines is 4200 KVA at 9800/10200 volts, 750 r.p.m. As 
regards design, the particulars given for lhe generators at 
the Tourtemagne power station apply also to lhe present 

machines. The power is 
transmitted from the Ober- 
ems power station to the 
Tourtemagne power station 
at generator pressure by 
means of two cables run 
alongside the pressure pipe 
line. As the route followed 
includes gradients up to 1 
in .91, it was necessary to 
take special precautions 
when laying the cables. 
The switchgear installation 
is here at the same level 
as the machine house and 
built on to it, while the con¬ 
trol room, with the two 
switch desks, is disposed 
higher. The apparatus is 
arranged, in the present 
case too, in such a way as 
to permit of lhe easy super¬ 
vision of installation. The 
whole switchgear equip¬ 
ment is of the same design 
as that at the Tourtemagne 
power station; in view of 
this, theindividual parts can 

.. - be rapidly changed, while 

of the Meretschi pumping station. the numberofsparesrequir- 

ed is considerably reduced. 

The Merefschi pumping station which is situated at an al¬ 
titude of 7455 ft., in the neighbourhood of the pipe line from 
the lake of III to the Oberems power station, is equipped, for 
the present, with three pumping sets; provision has, however, 
been made for six units in all. The sets each consist of a 
three-phase induction motor of the enclosed ventilated type 
with an output of 500 HP at 1470 r. p. m., 500 volts, direct coup¬ 
led to a two-stage high pressure centrifugal pump. The speed 
can be regulated down to about 900 r.p.m. by means of slip 
regulation, and lhe machines run continuously at that speed. 

This large range of regulation was necessary owing to 
the very different conditions as regards head and delivery 
under which the plant has to operate, the head being liable 
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to vary between about 150 and 560 ft., according to the level 
of the lake of Ill. The starting up of motor and regulation 
of speed is ensured by means of combined starting and re¬ 
gulating gear. For starting up and fine regulation, use is made 
of water resistances, while cast iron grid resistances are 
utilised for coarse regulation'; the latter serve also for heat¬ 
ing purposes in winter, as, at those high altitudes, very low 
outside temperatures have to be reckoned with. 

The pumping station equipment includes all the instru¬ 
ments and cables such as are required for permitting of the 
easy adjustment of the speed and delivery of pump, for every 
value of head. The power for driving the pumping sets is 
obtained from the Oberems power station, from where it is 
transmitted, by means of a cable laid in the tunnel of the 
pipe line, to a substation close to the pumping station, where 
the pressure is stepped down from 10,000 volts to 500 volts, 
to suit the motor. The transformer plant comprises two self- 
cooled oil immersed three-phase transformers, with tank in 
two parts, and built-on stacks of cooling tubes. This design 
had to be adopted in view of the fact that all machine parts 


parafus being arranged in cubicles. The switchboard, with all the 
instruments, master switches, etc., is, however, in the pumpingsta- 
tion.so that the whole installation can be controlled from one 
point. - The circuit breakers both for the primary and secondary 
side of the 1500 KVA transformers are, as in the case of the 
two power stations, fitted with A. C. remote control, and ar¬ 
ranged for automatic release by means of relays of the in¬ 
duction type. As there is no D. C. supply available for the 
release of circuit breakers, special A. C. trip coils have been 
provided; the latter are so designed as to ensure their ope¬ 
ration even when the pressure drops very low, as is usually 
the case when a short-circuit occurs, a pressure down to 
about 8 % normal pressure being entirely sufficient to bring 
them into play. The arrangement occasionally resorted to, 
where a no-volt trip coil, connected in series with a resi¬ 
stance, is short-circuited by the relay, cannot be regarded, 
in a general way, as satisfactory, as the tripping device comes 
into play instantaneously, of itself, when the pressure drops 
below about 60% normal pressure; consequently, the time 
adjustment of the overload relay becomes then entirely useless. 


for the pumping sta¬ 
tion had to be convey¬ 
ed from the Oberems 
power station first by 
a cable railway run¬ 
ning alongside the pipe 
line, up to the surge 
chamber, and from the¬ 
re toMeretschi through 
the tunnel of the pipe 
line, where the small 
dimensions of passage 
imposed very severeli- 
mitations on the size of 
parts to betransported. 

The substation fur¬ 
ther includes, apart 
from the main trans¬ 
formers, two station 
transformers for light- 
ingpurposes.aswell as 
the necessary switch- 
gear, all plant and ap- 



The A. C. trip coils 
evolved by the Oerli- 
kon Company offer, 
on the other hand, 
every guarantee of re¬ 
liable operation, under 
all working conditions; 
they are specially suit¬ 
able for use in distri¬ 
bution stations and 
substations where lar¬ 
ge outputs have to 
be interrupted and no 
D.C. supply is avail¬ 
able. The installations 
in question, which 
are very substantially 
built, and designed 
with a view to avoid¬ 
ing all unnecessary 
complications, have 
given the best results 
in service. 


Notes and News Items. 

Railway substation for 1600 volts. The 
Oerlikon Company supplied.at the beginning 
of July of this year a rotary converter for 1500/ 
1600 volts D.C. with complete substation equip¬ 
ment, for the Wengernalp Railway. The machine 
in question which is illustrated above has a 
continuous output of 750 KW and is installed 
in the railway sheds at Grund near Grindel- 
wald; it is designed for operation at 40 as well 
as 50 cycles and works in parallel with the 
existing power station situated about 9 miles 
away, near Wengen, on the other side of the 



Kleine Scheidegg, the latter being equipped 
with three generators and a battery of accu¬ 
mulators. The switchgear of the new substa¬ 
tion includes, in particular, one of the new 
Oerlikon quick-acting circuit breakers for re¬ 
mote control. This circuit breaker which is 
also illustrated here has a continuous rating 
of 1000 amps; breakers of this type have al¬ 
ready been used in many other installations 
with the best results. The substation was ta¬ 
ken over in the middle of July, immediately 
after erection and has since then been in re¬ 
gular service.' Further particulars of this inter¬ 
esting pi ant will be given in a subsequent issue. 
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The Felsberg automatic substation. This substation 
was built by the Oerlikon Company for the Saarlouis 
Power and Traction Company and put into service last May. 
The substation in question is situated at Felsberg on the 
Saarlouis-Kreuzwald railway line, its object being to assist 
the maim power station at Saarlouis when, owing to a heavy 
load, the supply pressure drops below the limits permissible for 
the operation of the line. The equipment consists of one 150 KW 
rotary converter for 800 volts on the D. C. side, with the neces¬ 
sary transformer and apparatus. The installation is arranged 
throughout lor automatic operation. The rotary converter is 
started up automatically and switched on to the system when 
the pressure drops below 700 volts, for more than 15 seconds, 
while it stops also of itself when, for a period of five minutes, 
the current supplied does not exceed 25 amps. 

Both the rotary converter and the other parts of the in¬ 
stallation are built in such a way as to render them entirely 
proof against the effects of short-circuits, and the relay con¬ 
tacts are designed with great care, while the mode of con¬ 
nection has been simplified to the utmost degree. In this way, 
it has been possible, to construct a substation which not 
only equals a non-automatic installation as regards relia- 


during one of the trial runs. — With the method of regene¬ 
rative braking adopted, the series motors of traction equip¬ 
ment are converted into shunt machines by altering the con¬ 
nection by means of a special controller. The field windings 
of motors are connected in series, through a suitable resis¬ 
tance, to the supply, while the armatures, in the case of two- 
motor equipments, are also arranged in series and linked up 
to the system through a variable starting resistance and a con¬ 
stant damping resistance. The starting resistance is reduced 
on the first notches 1—4 of the controller, while the field re¬ 
sistance is increased on notches 5-7. Apart from these 
notches provision is made for the usual braking positions. 
The equipment in question was fitted on a service car built 
for other tests and designed to the following particulars: 
Weight of empty .car 10.05 tons. 

Adhesive weight 8.0 tons. 

4 driving wheels 860 mm. in diam.,4 running wheels. - 2 motors 
with double reduction gear 1:9. — Spur and bevel gears*). 

Rating per motor 
Current 

Output at wheel 
Tractive effort at wheel 
Speed 


continuous orie-hour 
69 94 amps. 

55.5 48.5 KW 

1020 1560 lbs. 

17.4 15.5 rn.p. h. 


Felsbergr automatic substation. 


The readings 1—7 in the table below were taken 
on level track. They represent the condition of equi¬ 
librium reached on each notch. Measurements were 
then made on steep gradients, first with the service 
car alone, then with a second tramcar used as trai¬ 
ler, and finally with the second tramcar having its 
motor switched on, in order to increase the neces¬ 
sary braking force. Readings 15-41 are some ty¬ 
pical results obtained during these tests. The figures 
arrived at coincided very accurately with the cal¬ 
culated values. The current regenerated was, as had 
been foreseen, not considerable. In fact it would 
only be possible to obtain good results with regene¬ 
rative braking in the case of four-motor equipments, • 
as the field current would then be small as com¬ 
pared with the armature current (2 armatures in pa¬ 
rallel). It was, however, seen from the tests that 
with the two-motor equipments the arrangement ad¬ 
opted worked perfectly well and was easy to control 
both when running and braking. 

The tests further demonstrated that the regene¬ 
ration of current with the method of connection in 
question was quite practicable from a technical point 
of view and only required little more attention from 
the staff than the ordinary running arrangement. 


bilily in operation, but is even superior to it. Since the open¬ 
ing of the substation, the plant has been switched on and off 
some 2 to 500 times and subjected to numerous short-circuits, 
without this causing any disturbances. 

Regenerative braking tests in connection with tram¬ 
way operation. The tramway system of the City of Zurich 
includes a number of lines with long and steep gradients. In 
view of this, it was thought that there would be scope for 
effecting saving in power on such sections by resorting to 
regenerative braking during downgrade operation. In order 
to collect data in this connection, a series of tests were car¬ 
ried out, the necessary equipments being supplied by the 
Oerlikon Company, at the request of the tramway authorities. 
We are giving below a few particulars regarding the arrange¬ 
ment adopted for the test, together with the results obtained 


*) For further particulars regarding drive, see Revue Polytech¬ 
nique Suisse No. 24 of 12th. June 1926. 


Read¬ 

ing 

No. 

Weight 
of train 
tons 


Gra- Notches 
dient No. 

Speed 

m.p.h. 

Supply 

pres¬ 

sure 

volts 

Cur¬ 
rent in 
field 
amps. 

110 

Cur- Current 
rent in from Controller 
arma- overhead notches 
ture line on trailer 

1 

10.7 


level - 

■ 1 

■y,— ' ■ 

'525 ' 

amps. 

10 

amps. 

120 

2 

10.7 


y) 

2 

3.1 

550 

116 

9 

125 

5 

10.7 



3 

3.7 

545 

114 

12 

126 

4 

10.7 



4 

4.3 

535 

111 

14 

125 

5 

10.7 



5 

4.9 

560 

94 

14 

108 

6 

10.7 


” 

6 

—.' 

525 

72 

14 

86 

7 

10.7 



7 

6.217.4 

545 

62 

15 

77 

13 

10.7 

1 

in 1.5 

6 

7.4 

565 

80 

-38**) 

42 

14 

10,7 

1 

in 1.5 

7 

8.6 

570 

68 

-38 

30 

30 

22.2 

1 

in 1.49 

7 

12.7 

595 

62 

-78 

-16**) 

34 

22.2 

1 

in 1,5 

7 

13.9 

600 

68 ■ 

-105 

—37 6 (series) 

35 

22.2 

1 

in 1.5 

6 

11.8 

590 

76 

-92 

-16 6 „ 

41 

22.2 

1 

in 1.5 

1 

7.7 

565 

154 

-88 

66 6 „ 

**) The sign 

— 

■ in the table means regenerated current. 
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Motor equipments of the new freight locomotives 
type Ce 0 / 8 of the Swiss Federal Railways. The Oerlikon 
Company is at present building for the Swiss Federal Rail¬ 
ways, 18 heavy freight locomotives, which differ from those 
formerly supplied in that, they are for a larger output. In or¬ 
der to determine the heating of the motor equipments and 
ascertain their performance as regards output, one of the 
motors of these new locomotives was provided with thermo¬ 
couples and recently subjected to a series of load tests, the 
thermo-couples being arranged as near as possible to the 
conductors of the stator and rotor windings. The results of 
these tests are given in the following table, together with the 
data on which the calculations of motors were based, for the 

Sake of comparison, Continuous rating One-hour rating 

amps. KW r.p.m. amps. KW r.p.m. 

Data for calculation of motor 1400 435 620 1600 485 555 

Performance at tests: 

a) with temperature rise according 
to the regulations of the Swiss 
Federal Railways (AIEE 1915 for 

stationary machines) 1550 480 560 1730 530 530 

b) with temperature rise according 
to the American Rules (AIEE 

No. 11,1925) 1780 545 520 2070 610 480 

The pressure for all the tests was 360 volts. The tests 
have shown how very amply the motor equipments are de¬ 
signed. In fact, the motors in question would even be large 
enough for the express locomotive recently standardised, by 
the Swiss Federal Railways, as the temperature rise would 
then be still just within the permissible limits. 

The speeds of the freight locomotives for the one-hour 
and continuous rating (41 and 40.5 m.p.h., respectively) ac¬ 
tually correspond to those provided for in the case of the 
express locomotives. The highest normal motor speed of 1030 


Lifting plant for handling bulk materials and pack¬ 
ages. It often happens that the same lifting plant has to be 
used either with a grab, for handling bulk materials such as 
coal, sand, gravel, etc., or with a hook, for dealing with pack¬ 
ages. In such cases, grab and hook must be easily inter¬ 
changeable. When use is made of a single-rope grab, the 
changing over of suspension gear can be easily effected and 
only requires little time. With two-rope grabs, however, which 
are very widely used, owing to the great advantage they 
present over single-rope grabs of permitting of the unloading 
of materials from any desired height, this operation is some¬ 
what difficult to carry out and, in the case of certain designs, 
even impossible. In view of this, the Oerlikon Company, 
when designing their standard two-rope grabs, have paid 
special attention to the question of easy and simple inter¬ 
changeability of suspension gear. Figs. 1,2 and 3, show the 
arrangement adopted for ropes and the method of fastening 
them. Fig. 1, is a diagrammatical representation of a two- 
rope grab, Fig. 2 shows a hook with cross-head and Fig. 3 
is an enlarged view of the equalising device for the lifting 
ropes. In these illustrations, (a) designates the opening ropes 
and (b) the lifting ropes; as can be seen, the opening ropes 
(a) can be easily released. As regards the lifting ropes (b), 
they are secured at their end, to the equalising device (cl), 
by means of a wedge (c); the arrangement is clearly shown 
in Fig. 3. As a result of this mode of fastening, the lifting 
ropes can also be easily detached. When the grab or the hook 
equipment has been lowered to the ground and the lifting 
ropes are loose, the wedges (c) can be easily driven out 
and the ropes pulled off. The method resorted to for fasten¬ 
ing the ropes to the cross-head of hook can be clearly seen 

from Fig. 2. With average sizes 
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No. 65 — November 1926 

Contents: The Electric Locomotives of the Bernese Oberland Railway. 

Notes and News Items: New electric locomotives for India and Spain. — Emergency device for 
tramcars for one-man operation. — Charging relay for the automatic disconnecting of batteries at 
the end of charge. — Portable compressors and vacuum pumps. 



The Electric Locomotives of the Bernese Oberland Railway. 


The Bernese Oberland Railway serves to connect the town 
of Interlaken with the mountain resorts of Lauterbrunnen and 
Grindelwald; it starts from Interlaken-East and rises to Zwei- 
luetschinen, where the lines to Lauterbrunnen and Grindel¬ 
wald branch off. The section Interlaken-Zweiluetschinen has 
a maximum gradient of 1 in 40 and is for adhesive operation 
only, while the two branch lines from Zweiluetschinen to Lauter¬ 
brunnen and Grindelwald, which have gradients reaching 1 in 
11.1 and 1 in 8.5 respectively, include also rack sections. 

The Bernese Oberland 
Railway was opened in 
1890 and operated by steam 
up to 1914, when it was 
converted to electric trac¬ 
tion. The work of electrifi¬ 
cation was completed 
shortly before the out¬ 
break of the war, eight 
electric locomotives being 
provided to ensure the 
service. The four years 
of the war and the un¬ 
settled conditions which 
followed hit all transport 
undertakings very severe¬ 
ly, and more especially 
those which, like the Ber¬ 
nese Oberland Railway, 
depended mainly on tou¬ 
rist traffic. 

After 1925, the number of visitors showed again a ten¬ 
dency to increase and, in 1925, the pre-war figures were ac¬ 
tually exceeded. It was then found that the traffic could no 
longer be dealt with by the eight electric locomotives, even 
when putting into service the standby steam locomotive; for 
this reason, and in view of the gradual improvement in the 
financial situation, the railway authorities decided to order, 
provisionally, one further electric locomotive, the contract 
for the complete electrical equipment of the latter being se¬ 
cured by the Oerlikon Company who had already supplied 
the motors for the first eight electric locomotives. The me¬ 
chanical part of this locomotive (No, 29) was built by the 
Locomotive Works of Winterthur, as in the case of the for¬ 
mer ones. The new locomotive was pul into service in the 
middle of July 1926. Although the locomotive is similar, in 
many respects, to those formerly supplied, it embodies in its 


design several new features, which we shall describe further 
on. AH locomotives are for rack and adhesion operation. The 
traction system adopted on the Bernese Oberland Railway is 
1500 volts D. C., the current being supplied from a substation 
situated at the Zweiluetschinen junction. 

All three driving axles are coupled together. Apart from 
the driving rack pinion, there is also a braking pinion, which 
is mounted on one of the driving axles about which it can 
revolve freely. The two motors are mounted on the frame 

of locomotive and work 
through double reduction 
gears. In the case of the 
old locomotives, the gear 
ratio is the same for both 
modes of operation. On 
the new locomotive, how¬ 
ever, gear rati os. of 1:4J26 

fo r a dhesion_operation 

a n d of 1:6 for rack .0per cl- 
tion have been adopted, 
as it has been found that 
such ratios with different 
values were preferable, in 
order to prevent the skid¬ 
ding of driving wheels, 
when travelling on rack 
sections. In the case of 
adhesion operation, the 
torque is transmitted from 
the reduction gear to the 
three driving axles through the intermediary of a jack shaft 
and connecting rods. 

The body of locomotive is arranged with enclosed dri¬ 
ver’s cab at either end, and compartment for motors, control 
gear, and starting and braking resistances, in between. A pas¬ 
sage is provided on one side of the motor compartment, 
while hinged doors at either end give access to the driver’s 
cabs. The starting and braking resistances are secured to 
the central part of roof, which is removable; consequently, 
once that part of the roof has been raised together with the 
resistances, the motors can be easily lifted out and replaced. 

The driver’s cabs are provided on either side with a 
door leading outside, While there is also a communication 
door arranged in the front part. The following mechanical 
brakes are fitted on the locomotives: 1 hand operated brake 
acting on the wheels, 1 hand operated rack brake, t West- 
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inghouse combined adhesion and rack brake, 1 automatic the rack has been engaged, the two motors are connected in 
speed limiting brake, built as a band brake and worked by series, and the field of the adhesion motor is shunted, 
compressed air, which comes into play when the speed ex- During downgrade operation, the whole train weight is 
ceeds normal spe ed b y 20%, on steep inclines. The electrical dealt with by means of electric braking, in which case the 
equipment of the new locomotive presents several improve- motors work on resistances, use being made for this pur- 
merits as compared with the 8 old locomotives, with respect pose of the starting resistance supplemented by additional 
to motors, and apparatus; the following are a few particulars resistances. The new locomotive is fitted with cast iron 
regarding the equipment in question. resistances instead of the usual strip resistances, formerly used. 

The two driving motors are of-the four-pole type; they The resistances in question are cooled by means of a 
are fitted with interpoles and provided with very powerful small blower; the latter is coupled to an electric motor which 
self-ventilation. Both motors are identical as regards elec- also drives the L. T. dynamo for the lighting of locomotive, 
trical design, and, apart from their having fl „ The various sections of the starting resis- 


Length over buffers 27'0 7 /i 

Length of body 23'9’/i 

Height of roof above rails 10' 5 n / 
Width of body 9'0 •/*" 

Gauge . , 3/3*/»" 

Packsystem : “ladder” type rack 
Pitch of rack • , , 3 1s /i,»" 

Numb, of driv. axles 3 

Numb, of di iv. rack pinions I 
Diameter of driving wheels 

2'11 ia /io “ 

Diameter ohpitch .circle of driving 
rack pinion / 2'9 ’/» tr 

One-hour rating of motors, 
at wheel rim: 410 H P 

each- at 1500 volts 
Weight-of iocornot. 36.5 .tons 
Weight of electrical 

equipment 16.3 tons 




Entry of-rack. 

urf 


4- sa 1 . m .j_ 

8JW__ 


Fig. 2. Locomotive No. 29 of the Bernese Oberland Rly. 


Adfuinipn. 

< »/ 
Adhesion 

motor. 

~ Rack 
mo I or. 

W Starling 
and braking 
resistance. 


Fig. 3. 

Diagram of 
connections 
or inolors, -*■ 

( vA^dhcdon and rack. 



reduction gears with different ratios, are interchangeable. The lances are cut in and out by means of a controller equipment 
one-hour rating of motors, measured at wheel rim, is 410 HP_ with cam gear; this controller is operated mechanically from 
at'590 r. p. m„ while the continuous rating is 310 HP at 630 the driver’s cab, by means of a handwheel, Gall’s chain and 
r.p.m., as compared with 250 HP in the case of the old loco- extended spindle. 

motives, these values being for a pressure of 1500 volts. The other gear, such as pantograph current collector, 

The permissible trailing weight on the adhesion sections automatic main circuit breaker, direction changer and motor 


is 125 tons at a maximum speed of 25 
m.p.h (40km/hour). On the gradients' 
of 1 in 11.1 and 1 in 8.3 of the rack sec¬ 
tions, the locomotive can deal with trail¬ 
ing weights of 90 and 60 tons respec¬ 
tively, at a speed of 6.2 to 7.5 m.p.h. 
(10 to 12 km/hour). During the height 
of the season, two locomotives are 
coupled to the trains, in order to be able 
to haul twice the load in one journey. 

The diagrams given in Fig.3 show 
the mode of connection of motors on 
the different sections; as will be seen, 
when travelling on the adhesion sec¬ 
tions, the “adhesion” motor alone is 
used. On entering rack sections, an in¬ 
termediate mode of connection is ad¬ 
opted, where the two motors are in pa¬ 
rallel and the starting resistance in 
series, the “rack” motor being brought 
automatically to the correct speed be¬ 
fore the load is applied. As soon as 



Fig. 4. Side passage in locomotive No. 29; on ihe 
top, resistances with cover-removed. 


reverser for adhesion and rack opera¬ 
tion, is operated by means of compres¬ 
sed air at 85 to 115 Ibs/sq. in. Con¬ 
trol valves with suitable handles are 
provided for this gear, on the control¬ 
ler plate in driver’s cab, and arranged 
in such a way as to permit of easy 
supervision. The whole Ii.T. appara¬ 
tus has been designed to meet the 
special requirements of Ihe Bernese 
Oberland Railway and has proved en¬ 
tirely suited for the purpose and very 
reliable in operation. The electric heal¬ 
ing circuit of locomotive is connected 
to thq 15 00 volt.supply^ while the cur¬ 

rent for the lighting of locomotive is 
supplied at 110 volts by Ihe dynamo 
referred to above. On the other hand, 
provision is made for a hand-operated 
circuit breaker fitted with magnetic 
blow-out and designed for a breaking 
capacity of 150 KW, for controlling the 
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1500 volt heating circuit of train; there is further a motor- the compressed air required for train braking purpose, as 
operated compressor for 85 to 115 ibs/sq. in., for supplying well as for the operation of control gear and master switches. 

Notes and News Items. 


New electric locomotives for India and Spain. The 

Oerlikon Company have, during the past months, met with 
further success in the field of electric locomotives. Mention 
can be made, in the first place, of the trial express locomo¬ 
tive ordered by the Great Indian Peninsular Railway Co. 
from the General Electric Co. Ltd. The electrical equipment 
of this locomotive (Fig. 1) is being built by the latter firm, under 
licence, to the designs of the Oerlikon Company, and the me¬ 
chanical part is being supplied by British locomotive makers. 
' The locomotive is to be designed for a continuous output 
of 2160 H P at wheel rim, and 1400 volts D. C. at overhead 
line, the speecTbeing 55 m. p. fTT; this corresponds to a con¬ 
tinuous tractive effort of 25000 lbs. at wheel rim. The ma¬ 
ximum speed is 85 m. p. h. The locomotive is of the 2C2 type, 
and arranged for individual drive; each of the three driving 
axles is. driven by a twin motor, through the intermediary 
of a quill. The torque is transmitted from the quill to the 
wheels by means of the special Oerlikon flexible axle drive. 
The locomotive.is controlled by co ntactor gear. In the case 
of each of the t hree methods of grouping of molors, the field 
is weakened in’two steps. 

On the other hand, the Oerlikon Company has recently 
; received an important order for 2 2 e lectric locomotives of 
the C+Ctype(Fig.2) from the Spanish Northern Railway. These 
locomotives are also for high tension D. C.,the pressure here 
-being 1500 volts at overhead line; the control is equally en¬ 
sured by means of contactor gear. The two six-wheel bogies 
are tight coupled and each axle is driven by a separate mo¬ 
tor, the latter being arranged for “tram” suspension. The 
one-hour rating of locomotive is 2040 HP, at wheel rim, at 

2 0 . 5 .m. p._h.; this corresponds to a tractive effort of 56800 

lbs. the maximum speed is 56 m.p.h. Provision is made, 
here also, for the weakening of field during series and pa¬ 
rallel operation; furthermore, the locomotives are being ar¬ 
ranged for the Oerlikon method of regenerative braking. 

Emergency device for framcars for one-man ope¬ 
ration. The Oerlikon Company have devoted considerable 
attention to the question of emergency devices for use on 
tramcars for one-man operation. After carrying out very ex¬ 
haustive tests in this connection, they have been successful 
in evolving an appliance which can be regarded as one of 
the most effective of its kind. The object of this safely de¬ 
vice is to apply the brakes and bring the trantcar automati¬ 
cally to a standstill in the shortest lime, in the event of the 
driver becoming helpless or of his losing control of the ve¬ 
hicle, for any reason. As if may then also be necessary, in 
certain cases, for the passengers to be able to apply the 
emergency brake, themselves, suitable operating gear has to 
be provided in the interior of tramcar as well. 

These various conditions have been complied with, on 
the one hand, by fitting a step-back device on both control¬ 
lers and, on the other hand, by providing, along the interior 
of tramcar, emergency handles, which are mechanically cou¬ 
pled to the step-back devices, the arrangement adopted being 
specially suited for the duties in question, and thoroughly 
reliable in operation. The step-back device is mounted direct 
on the controller; if comprises an operating spindle coupled 
to the controller spindle by means of a clutch, a step-back 


spring normally held in a compressed position by an inter¬ 
nal nose, but brought into play as soon as the clutch is re¬ 
leased, and the “dead man’s handle” device on the control¬ 
ler. Linder ordinary running conditions, the handle of con¬ 
troller must constantly be held down in a horizontal position, 
the pressure to be applied for this purpose being about 4 
lbs.; there is no danger of this causing too much fatigue to 
the driver as the torque to be exerted for the switching ope¬ 
rations is no greater than in the case of an ordinary con¬ 
troller. If the handle is released the spindle is uncoupled, the 
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Fig. 1. 



Fig. 2. 

spring comes into play and the controller drum is brought 
back to the last braking position (emergency braking); as 
a result, electric braking is brought into operation, and the 
rail brakes ol tramcar and of trailer, if any, are energised. 
T he same process takes place if the emergency handles in 
the tramcar are drawn, the controller handle being then re¬ 
leased by means ol a cable. The spring is compressed 
again merely through the ac¬ 
tion of bringing back the con- , -«v 

troller handle to the last brak- — 
ing position, while it is held 
in a state of compression by Mi 

depressing the handle; after wlf 

this, the controller is ready 
for starting anew the switch- 
ing process. • 

It may further be mention¬ 
ed that, by depressing a Toot L Emzr ^v handle, 

lever arranged at the floor le¬ 
vel, the direct release of con- ^ 

troller, which would otherwise J|l 

take place when letting go of 
the handle, can be prevented _j20rj_ 

in any position; this enables 
the driver to 'have the use of 

both hands, when giving chan- -J^MSilWKr,- 

ge for fares, for instance. The 
indirect release by means’of the 
emergency handles in the tram- 
car is, however, not affected B _ ■ „ ■ . ■ 

and remains ready 10 funclion. P,ir ' * batdSce.' SKp ' 
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Fig, 1. 

Charging relay for the automatic disconnecting of 
batteries at the end of charge. When batteries of accu¬ 
mulators are left unattended during charging, the extent of 
charge can be limited by arranging for the disconnecting of 
battery when the maximum end pressure is reached, by 
means of a special pressure relay adjusted for the conditions 
in question. This method which has been used by the Oer¬ 
likon Company, for a longtime, presents certain advantages 
over the arrangement with minimum current and reverse cur¬ 
rent relays; there is, however, even then, a possibility of 
over-charging or under-charging. The new Oerlikon charging 
relay, on the other hand, af- 

justed for the end pressure, "" 

as the curve is there very nearly flat. When the charging re¬ 
lay comes into play, it brings a time relay into operation, 
which can be set for a running-out time between half-an-hour 
and 2 72 hours, according to the conditions of service; the run¬ 
ning-out lime is practically independent of the temperature, 
and of the pressure fluctuations of the system feeding the coil 
of the time relay. The charging relay is arranged in a drip- 
proof casing, which also affords sufficient protection against 
acid vapours. Mechanism and contacts are clearly visible from 
the outside through a glass window. The running-out time of 
time relay can be adjusted without opening the cover. 

Fig. 3 shows the mode of connection of an installation 
with such a charging relay. 

The use of this new charging relay in battery installa¬ 
tions means a further advance in battery practice, and must 
necessarily lead to an increase in the life of batteries. 



to battery 


to power supply 

I I I 



Figrs.2and3. Dynamo 


Motor 


m 


Portable compressors and vacuum pumps. Com¬ 
pressors and vacuum pumps are being used more and more 
in large power stations for various purposes. In order to meet 
the requirements of such installations, the Oerlikon Com- 
panyhave designed a combined compressor and vacuum pump 
mounted on truck. The illustration in the centre of this page 
shows an equipment of this type. The plant in question can be 
converted into a compressor or a vacuum pump merely by ad¬ 
justing a three-way cock. The compressor is provided with 

Mrrrrur —Mr, 
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View oT the Switchgear Works, taken from a norlh-weslerly direction (street side). 


The Switchgear Works of the Oerlikon Company. 


In view of the great developments which have taken place, 
in recent years, in the field of electrical apparatus, the Oer¬ 
likon Company have found it necessary to erect a new build¬ 
ing in keeping with the importance of this branch of manu¬ 
facture, where the various switchgear shops and drawing 
offices, previously distributed over various departments, are 
now concentrated. Work was started on these premises last 
year and progress was so rapid that it was possible to move 
into the new shops and offices in the course of the spring 
and summer of this year. The switchgear works in question 
are a combination of a storied building and of a shed struc¬ 
ture, this design being adopted so as to permit of the manu¬ 
facture of the largest circuit breakers as well as of the smal¬ 
lest apparatus, such as operating and supervisory relays, under 
the most favourable conditions. 

The new building is situated on the border of the old fac¬ 
tory site and faces the street; it is linked up with the other 
parts of the Oerlikon Works by a wide factory roadway and 
has its own street entrance with gate-keeper house. The buil¬ 
ding is designed in the shape of a horse-shoe, the inner part 
of which is occupied by the erection shed; the latter reaches 
up to the second floor, the height, available under the crane, 


for the erection of gear, being 25 ft. The width of the building 
is 164 ft, while the wings have a length of 115 ft. The lay¬ 
out is such as to permit of the subsequent extension of the 
two wings, through the whole height of building, together with 
the erection shed in between. The total height of the building 
itself, excluding the basement, is about 65 ft. The basement, 
ground floor, and first and second floors are used for work¬ 
shops, the top floor is utilised for offices. 

The soil on which the building is erected is of irregular 
formation, and consists of gravel and sand deposit. As the 
ground water can rise above the level of the basement floor 
even during periods of average rainfall, it was necessary to 
take special measures in order to keep the rooms in the ba¬ 
sement perfectly dry. In the first place, there could be no 
question of lowering the level of ground water, owing to the 
presence of sand and to its liability to be washed away. The 
difficulty was, however, overcome by erecting the building on 
a continuous base of reinforced concrete, which together with 
the outer walls of the lateral light shafts, is made water-tight 
by means of a special preparation. In order to ensure an ef¬ 
fective stiffening of foundations, the whole basement, includ¬ 
ing the supporting walls, the columns and the light shafts, is 
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made of uniform reinforced concrete construction, some 172 
tons of iron and 56500 cu. ft. of concrete being used for the 
purpose. The floor of the basement is about 2 ft. 5 ins. above 
the surface of the concrete foundations and the space in be¬ 
tween is utilised for accommodating the drain pipes and the 
ducts for heating and ventilation. The ceiling of the basement 
has no supporting beams but is carried by columns with very 
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Sectional elevation and plan of the switchgear works. Scale 1 

wide conical capitals; in this way, both visibility and space 
are increased. The main body of building is of iron construc¬ 
tion throughout from the top of,basement upwards.- The walls 
consist of masonry work, in which the metallic structure is 
encased- The two wings are linked,up together at the level 
of the second and third floor by rooms built over; the erecr 


tion shed; as a result, an additional floor space of 6450 sq. 
ft. is obtained, without this affecting in any way the lighting 
of the shed. About 600 tons of iron were used for the struc¬ 
tural work of building. In order not to encroach on the space 
of the shops and offices, and thus permit of better room con¬ 
ditions, and easier supervision, the main staircases are ar¬ 
ranged in a separate tower; the latter, which reaches above 
the top storey, and is situated on the side of 
building facing the street, in the centre, contains 
also two passenger lifts, the lavatories and the 
K central room for fans and warm water boilers. 
'• There are also further staircases as well as goods 

lift at the end of each wing. 

' f The parallel character of the different sto¬ 

reys is accentuated by the long rows of windows 
of uniform design which intersect the walls, and 
■ I by the broad window sills which encircle the 

— I whole building, while the predominant feature of 

the tower is the vertical subdivision of its walls. 
In spite of this formal contrast between the design 

ib "".— of the main body of building and the tower, which 

N | emphasises their respective purposes, the result 
is quite pleasing from an aesthelical point of 
view. The intermediate floors of building are 
made of iron framework, with cement slabs in 
H—ti.- between, the whole being covered with a layer 

!i | of concrete; with this design it is easy to make 

j—[■ — I 1 — subsequent structural alteration or to cut open- 

J —|-ings in the floor for pipes etc. The following are 

FT*I the floor coverings used in the various parts of 

| ! I jj the building: asphalt in the basement, wood 

! j I i blocks embedded in asphalt in the workshops, 

L-JU tiles in the lavatories and lino in the offices. 

vemtT 

The roof is designed with insulating air space 
| and is rendered watertight by means of a special 

I preparation. The healing of the building is en¬ 

sured by means of a warm water central healing 
= system, with circulating pump. The forced venti¬ 
lation of the basement rooms is ensured by the 
| fan sets provided in each wing, which also sup- 

f■“““*■ = ply fresh air to the different shops, though ducts 
j j run throughout the different floors. 

4—M 

The switchgear works are, at present, pro- 
^ ^ vided for about 500 workmen, the latter being 

distributed over the basement, ground floor and 
first and second floor; the top floor which, to¬ 
gether with the room over the erection shed, has 
an area of about 15,600 sq. ft. is used for of- 
500 . fices; this part of the building contains all the 

drawing offices for apparatus and switchboards. 
The following process rooms are located in the basement:— 
1. The galvanising room. The equipment in this room 
comprises all the different metal baths for galvanising and 
for plating with copper, nickel and silver; there is further a 
large conveyor bath for accelerated metal plating of articles 
produced in great quantities and also a tilting zinc bath for 
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intensive and rapid plating with zinc. On the other hand, a 
large zinc bath is provided for large and cumbersome parts. 
The installation further includes an equipment for de-greas¬ 
ing metal parts by the galvanic process and, finally, plant 
for de-greasing metal parts by subjecting them to the action 
of lime water in drums. The necessary low tension D. C. 
supply is derived from two motor generator sets, which are 
only used for the above processes. A neighbouring room 
contains milling and polishing plant. Both rooms, in addi¬ 
tion to having large windows, are also provided with forced 
ventilation. The bad air is drawn away by suction plant so 
designed as to permit of the adjustment of draught. 

2. Pickling Room, All melal parts whether they come 
from the foundry, the stamping shop or the pressing shop, 
must, nearly without exception, be pickled for the purpose 
of removing the 
inflammable layer 
at their surface or 
in order to obtain 
a bright appea- 
rance.Thepickling 
is done, as a rule, 
with nitric acid, or 
with a mixture of 
nitric and sulphu- 
ricacid.Thesepick- 
ling solutions, 
which cannot be 
diluted too much, 
give out fumes 
very dangerous 
for the human or¬ 
ganism; in view 
of this, pickling 
was done, as a 
rule, in former 
days, in lhe open. 

Later on, certain 

installations were Erection shed on ground floor; on the left, 

built where the 

operator stood oulside the aclual pickling room and hand¬ 
led the articles to. be treated with levers and remote con¬ 
trolled lifting gear. This arrangement has, however, prov¬ 
ed in practice, to be too inconvenient and to entail a great 
reduction in output. The pickling plant at the Oerlikon switch- 
gear works is also in lhe basement; the vats containing the 
acids are, there, entirely covered while special ejectors ope¬ 
rated by means of water under pressure, carry away the dan¬ 
gerous gases and vapours. In this way, it is possible for the 
operator to stand in front of the vats without danger and 
carry out his work easily. The basement further includes a 
room for the oil-blacking process, and a shop for assembling 
metallic fittings on porcelain insulators. All the basement rooms 
have, in spite of their low level, plenty of daylight; the heating 
is ensured by means of a combined system of warm air and warm 
water heating, while gas, water (hot and cold) and electric 
lighting and power mains are laid through out the basement. 


The ground floor, which has an area of 18,850 sq. ft., ac¬ 
commodates in the right wing the milling, drilling, stamping 
and pressing shops. The machines are driven in groups by 
electric motors. When disposing the plant, an arrangement 
was adopted such as would permit of the installation, at a 
later date, of a belt conveyor for serving the machines. The 
left wing contains the switchboard shop and erection shop 
for oil circuit breakers, for which considerable head room is 
often required for erection purposes. The height of the ground 
floor shops in the wings is 17 ft. 3 in.; there is further, as 
stated before, a central erection shed, specially provided for 
the erection of large equipments. The height available there, 
between floor and level of crane runway, is 24 ft. 10 ins. 
This shed has two bays and each bay is served, at the pre¬ 
sent time, by an electric 5-ton crane operated from the floor 

level. A standard 
gauge track con¬ 
nected to the sy¬ 
stem of the Oerli¬ 
kon Works is laid 
in the erection 
shed, so as to per¬ 
mit of the loading 
of manufactured 
goods on'the rail¬ 
way trucks and of 
the unloading of 
the heavy castings, 
boilers, etc., in the 
shed itself; the oil 
circuit breaker 
shop includes a 
testing installation 
where the H. T. 
gear can be sub¬ 
jected to pressures 
up to 350,000 volts 
to earth. Further- 
above, erection shop for traction apparatus. more, there is a 

" heavy current mo¬ 

tor generator set for 5000 amps and 5 volts, for the testing 
and calibration of D. C. apparatus. For the calibration of 
heavy current A. C. gear and for the purpose of studying 
the effect of heavy currents on apparatus and contact gear, 
use is made of a transformer having a continuous rating 
of 20,000 amps and capable of dealing with peak loads of 
about 60,000 amps. 

The first floor accommodates, on one side, the turning 
shop and, on the other side, the erection shop for traction 
apparatus. These two shops are connected by a gallery, ar¬ 
ranged on the west side of the erection shed; this gallery 
is provided with two loading platforms, which can still be 
served by the shed cranes. The second floor is entirely used 
for the manufacture of small parts and apparatus, and re¬ 
lays. The. test room of the apparatus department is also si¬ 
tuated on. the same floor. In view of the very wide range of 
gear manufactured, this test room is laid out on very corn- 
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Drawing office on top floor (3rd), south-west portion. 


prehensive lines. All the different current supplies derived 
from the various generating sets are brought on to the panel 
of each test bench, and it is possible, merely by inserting a 
plug, to connect any of the sources of current to the work¬ 
ing terminals, through regulating resistances,step transformer 
or induction regulator. The equipment fitted on the test ben¬ 
ches includes, aparf from this regulating gear, all the instru¬ 
ments most generally required. On the other hand, provision 
has been made for the measuring or resistances, testing of 
current transformers, as well as for insulation tests. Mains 
are also run from each source of current to the test-room 
in the oil circuit breaker shop, so as to permit of the test¬ 
ing, there, of the gear which cannot be transported to the 
apparatus test room, owing to its size. 

Hot and cold water, as well as gas, compressed air and 
electric light and power are available in all the workshop 
floors, while a connection with the oil mains is provided in 
the ground floor, through which the oil for Filling the circuit 
breakers can be drawn directly from the storage tanks. The 
whole building has its own warm water heating system with 
circulating pump. 

The materials for manufacturing purposes are supplied 
to the workshops, and the completed articles removed by the 
two goods lifts which serve all floors. These lifts are so di¬ 
mensioned as to be able to take the electric trolleys, used 
for the transport of materials, consequently, there is no need 
to unload and reload the materials between the stores and 
workshops as the electric trolleys convey the goods direct 
to the place where they are required. 

As regards the top floor, it accommodates all the technical 
offices. The main entrance of the building is in the lower, which 
contains the two passenger lifts for the use of the staff. There 
are further, at the end of the wings, staircases, as stated be¬ 
fore. In spite of the fact that offices are directly below the 
roof, they do not get too hot in summer, as they are protec¬ 
ted from.the heat of the sun, by the insulating space provided. 
On the other hand, the visibility in the offices is very good, 
owing to the latter being at the top of the building. 



Test room of apparatus department, on 2nd floor. 


The workmen’s dressing rooms are located in the base¬ 
ment; each workman has washing facilities, there, and a locker 
for his use. These dressing rooms are reached by two stair¬ 
cases on the side of the tower. When coming in, the work¬ 
man goes down into the basement by these stairs, and passes 
to the dressing-room. He changes his clothes there, and uses 
the stairs in the wing, on the same side as his dressing room, 
for getting to his workshops. When leaving work, he makes 
the same journey in the opposite direction. 

In conclusion, it may be said that the various advan¬ 
tages derived from the centralising of the different switchgear 
departments, and, in particular, the belter facilities for super¬ 
vising the manufacture of goods, as well as the more favour¬ 
able lay-out of the shops and offices, must necessarily lead 
not only to a reduction in cost of production, but also fur¬ 
ther improvement in quality of goods. These are the consi¬ 
derations which have been the determining factors when de¬ 
ciding upon the heavy expenditure entailed by the construction 
of the new switchgear works. 



Test bed for large apparatus on ground floor. 


276 



















iSiSmmmm 


-■ .nag 






:X : 


_ 


fi “i 


• !siiif. 


OtRLIKO/V 

«***•" ' - 


"Sj. j!U*Cf| 


ATELIERS DE CONSTRUCTION OERLIKON, OERLIKON 


Single-phase generator for the Vernayaz power station of the Swiss Federal Railways. 


Some Large Generators, Transformers and Circuit Breakers built 
in Recent Years by the Oerlikon Company. 


The data collected by the Swiss Federal Polytechnical 
School for the International Inland Navigation Exhibition of 
1926, in Basle, with regard to the development of plant for 
hydro-electric power stations give, in particular, an interest¬ 
ing representation of some typical features of the generators, 
transformers and switchgear built in Switzerland during the 
course of the year. A further valuable contribution to the sub¬ 
ject is the report of Prof. W. Wyssling on electrical equipments 
of Swiss manufacture for hydro-electric installations. In this 
connection, it may be said that no small portion of the power 
station plant in question has been supplied by the Oerlikon 
Company; this firm was in fact one of the first to take up 
the manufacture of electric machines and apparatus and has 


now over forty years experience in this field. In addition to 
supplying these machines for Swiss power stations, the Oer¬ 
likon Company have always taken a considerable part in 
the export trade, and many of their most interesting designs 
have been produced for installations in other countries, without 
any description of the plants being published. It may there¬ 
fore be of interest to. give particulars of some typical units 
built in recent years. For the sake of completeness, the ma¬ 
chines already referred to at Basle are also included in the 
following list. 

The development of the design of generators for coup¬ 
ling to water turbines has been more especially in the direc¬ 
tion of better utilisation of material, the results attained in this 
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I) Oerlikon generators for coupling to water turbines. 


■o O 


■OERLIKON 


Installation .... 

Year built .... 
Current system . . 
Arrangement of shaft J 
Continuous rating,KVA* 
Pressure in volts . .j 
Frequency, cycles . 
Speed, r. p. m. . .) 
Permissible over¬ 
speed . 

WR a in tons x ft 2 

Specific weight 
i. ibs/KVA .... 
Efficiency, “/„ of full 
load at P. F. = .7 

D a x B x .rp.ni. 

KVA x 10’ ‘ ‘ 


18350 KVA 
three-phase 
generator 
for 

Vemork- 

Riukan. 


iVemork Eglisau Solbergfos Tourtemagne Vernayaz Mendalan 

Cafalana Bramanger Siebnen Meran Vemork Vernayaz 


1914 

1916 

1919 

1921 

1922 

1 1923 

1924 

1924 

1926 

1926 

1926 

1926 

3-ph 

3-ph 

3-ph 

3-ph 

3-ph 

3-ph 

3-ph 

3- ph 

3-ph 

3-ph 

3-ph 

1 -ph 

hor. 

hor. 

vert. 

hor. 

verf. 

vert. 

hor. 

hor. 

hor. 

vert. 

hor. 

hor. 

17000 

i 9000 

5150 

8000 10000 16500 

8000 

9400 14000 18350 

7000 11000 

11000 

6500 

8500 12000 10500 

8S00 

9500 10000 10000 11000 

6000 15000 

50 

50 

50 

50 

50 

50 

50 

42 

50 

50 

50 

16-/=i 

250 

500 

i 

83,3 

250 

150 

500 

750 

420 335’/ 3 

600 

750 333'/a 

450 

900 

208 

450 

270 

1000 

1350 

900 

630 

1100 

1470 

630 

223 

39.6 

281 

53.7 

221 

28.1 

56.2 

25.2 

81.6 

26 

6.38 

114.6 

25.3 

25.1 

52.8 

22.7 

31.7 

15.4 

14.5 

17.3 

18 

14.5 

15.2 

44 

1; 

95,5 

95 

95,5 

95 

95 

96 

96 

95,5 

95,5 

96,2 

95,5 

94,5 

35,9 

, 46,3 

39 

31,9 

33,4 

31,4 

30 

27,5 

31 

i 

28,5 

31,6 

1 

55 

1 




//////////. 

7 / 7 ///////. 




2 y*') 

connection being^ deduction in weight and increase in effi¬ 
ciency. This progress is, to a great extent, due to the inten¬ 
sive testing of material on a scientific basis during the years 
of shortage of material. The latest designs are thus the pro¬ 
duct of many years’ experience and of modern research work. 

In Switzerland, there has not been as large an increase 
in the size of units as in other countries and in America, in 
particular, owing to the special characteristics of water power. 
On the other hand, a greater number of medium size power 
developments are to be found there. The erection of such 
installations has been rendered possible, as a rule, through 
the adoption of so-called unattended automatic power sta¬ 
tions. Synchronous induction machines_are specially suited 
for such installations, as they can be started up, paralleled 
and closed down in the easiest possible way and can also 
be arranged for remote control. Such an installation equip¬ 
ped by the Oerlikon Company has been recently put into 
service and has given the best results; it is situated near 
Le Locle, the plant being entirely controlled from the main 
distributing station a few miles away.' 

In this connection, mention can also be made of the 
pumping installation of the Waeggi Valley power development, 
which serves for pumping the water of neighbouring streams 
into the storage lake, by making use of cheap night power, 
during the dry season; this installation is, like the automatic 
power station referred to above, intended for utilising small 
quantities of water power to assist a large power station. 
In this case too, special importance was attached to remote 
control, automatic starting up and synchronising; synchronous 
induction machines built by the Oerlikon Company were also 
used here. The plant consists of 4 vertical pump sets having 



Single-phase transformer for the Rupperswil outdoor substation. 

a continuous rating of 5000 HP and running at 750 r. p. m. 
A notable feature is that the efficiency of pumps is 80% and 
that of motors 96%. The speed is regulated according to 
the level of lake, so that the installation always works without 
throttling of pumps. In the case of surplus water, the mo¬ 
tors are used as synchronous condensers for improving the! 
power factor of system. 

Economical considerations have, on the other hand, made 
it necessary, in recent times, to interconnect supply systems, 
in order to permit of the exchange of energy. The coupling 
of two power stations presents the greatest difficulties where 
the pressures of the two systems cannot be kept constant 
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II) Oeriikon transformers. 


Ill) Oeriikon oil circuit breakers. 


Anzin Borgne Zurich Innsbruck Barberine Gossau 

Installation. Tafjord KLiblis Burgdorf joux Massa- Ruppers- 

boden wil 

Year built. 1919 1920 1921 1922 1925 1926 1926 1926 1924 1926 1926 1926 


Current system . . . 3-ph 3-ph 3-ph 3-ph 3-ph 3-ph 3-ph 3-ph 1-ph 1-ph 1-ph 1-ph 


Continuous rating.KVA 12500 7300 

8000 10000 5000 6000 3000 5000 10000 3000 3000 9000 

High pressure, KV . . 

47 

114 

56 

47 

45 

49 

115 

116 

66 

60 

60 

132 

Low pressure, KV . . 
Frequency, cycles . . 
Copper losses at full 

3 

7 

9 

10 

6,7 

17,5 

23,5 

5,8 

15 

15 

15 

66 

50 

50 

50 

50 

50 

50 

50 

50 

16 y 3 

16=/» 

16 2 /a 

16 2 /a 

load, KW. 

108 

44 

51 

90 

31 

38 

35 

40 

145 

66 

48 

90 

Iron losses, KW . . . 

Short-circuit 

35 

50 

31 

24 

21 

25 

31 

35 

37 

15 

15 

60 

pressure, % . - . . 
Weight with oil, tons . 

9,5 

11,5 

4,5 

7,5 

4,8 

7,1 

11,5 

9,7 

7,5 

10 

10 

7,5 

35 

41 

28 

42 

21 

32 

25 

39 

62 

30 

36 

95 

Cooling medium . . . 

Wa¬ 

Wa¬ 

Wa¬ 

Wa¬ 

Wa¬ 

Air 

Air 

Air 

Wa¬ 

Wa¬ 

Air 

Air 

ter 

ter 

ter 

ter 

ter 




ter 

ter 




Cooling surface, ft 2 
(Cooling water, gals/ 

min., respectively) . (25.3) (16.5)(14.3)(19.8)(8.8) 3760 3870 4310 (33) (15.3)4310 10760 


Installation . . Granada Madrid Catalans Rupperswil 


Year built . . 

1922 

1922 

1917 

1926 

1926 

Working pres¬ 
sure, KV . . 

55 

90 

130 

66 

132 

Breaking capa¬ 
city, KVA . . 

80000 

100000 

400000 

500000 

500000 

Number 
of poles . . 

3x1 

3x1 

3x1 

2x1 

2x1 

Total weight, 
lbs. 

3x1100 

3x2420 3x21000 

2x7700 

2x22000 

Oil included in 
above, galls. 

3x10.5 

3x29 

3x1450 

2x400 

2x1320 

Test pressure, 
KV . . . . 

110 

180 

270 

170 

280 

Max.height, feet 

11 

15 

13.75 

11 

14.75 


Siebnen 

1925 

150 

600000 
i__ 

3x1 

3x26400 

3x1400 

280. 

14.75 



12000 KVA double induction regulator of the Neckar power station, at Atlbach. Oil circuit breakers for 12 KV, 80 KV and 150 KV, respectively. 



at the point of junction and where each system has to deal 
with a given portion of the wattless load. This proble m ha s 
been s olv e d by having recourse to double induction regula¬ 
tors and automatic power factor regulators. Such an equip¬ 
ment was installed, for instance, some time ago, at Broc, for 
connecting two systems operated at 58000 and 360QL0_volts, 
respectively, and for an exchange of power of 5000 KVA. 

The erection of large power stations has led to the de¬ 
velopment of large transformers. With increasing voltages and 
capacities, special attention has to be paid to the insulating pro¬ 
perties of the oil; in view of this; the contact surface between 
oil and air is reduced to a minimum so as to limit as far 


as possible the access of moisture to the oil. New methods 
have been evolved for removing the heat in a safe and eco¬ 
nomical way, preference being given to air cooling, as a rule. 
We are giving, in Table II, a few instances of large Oeriikon 
transformers. 

The interconnection of power stations results in a great 
increase in the short-circuit output in the high tension sy¬ 
stem. The circuit breakers for interrupting these large short- 
circuit currents and outputs are thus subjected to stresses 
which necessitate larger sizes of apparatus. 

Table III contains some instances of large Oeriikon oil 
circuit breakers. 
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Notes and News Items. 

The Berthoud outdoor substation of the Bernese 
Power Supply Company. The Bernese Power Supply Com¬ 
pany have recently erected an outdoor substation in the 
neighbourhood of Berthoud. This installalion serves to step 
down the pressure of the high tension system from 45000 
volts to about 17 000 volts, at which pressure the distribution 
takes place, and at the same time to keep the voltage be¬ 
tween given limits by regulation. This substation ensures 
the power supply of the town of Berthoud as well as of the 
Emmen Valley.. 

A first transformer — induction regulator equipment has 
been installed provisionally; accomodation has, however, 



6000 KVA three-phase transformer, 49000/17OOp volts, 50 cycles. 


heen provided for two to three further equipments to be ad¬ 
ded at a later date. Both the transformer and the induction 
regulator have been supplied by the Oerlikon Company. 

The three-phase transformer, which is designed for use 
in the open, without protection, has a continuous rating of 
6000 KVA; it is of the oil-immersed self-cooled type. The 
tank is provided with stacks of cooling tubes, in order to 
obtain the necessary cooling surface; each stack is connected 
above and below to flanges on the tank and comprises a 
number of tubes arranged in parallel. The core of the trans¬ 
former is of standard construction; the winding consists of 
circular coils and is designed to withstand short-circuit 
stresses. The dimensions of the tank have been kept within 


such limits as to allow of the transport of the whole trans¬ 
former by rail complete with oil. 

The transformer is directly connected to the induction 
regulator on the secondary side; the latter is. also of the 
self-cooled type. The tank is, in this case, an ordinary cor¬ 
rugated iron tank. The induction regulator is dimensioned 
for an external capacity of 6000 KVA at pressures varying 
between 14400 and 17600 volts on the incoming side; on the 
outgoing side, the pressure is maintained at a constant va¬ 
lue of 16000 volts. Rotor and stator are wound for the full 
pressure of system so that intermediate transformers can 
be dispensed with. The regulator is operated by a three- 
phase induction motor which is arranged in a separate cast¬ 
ing on the side of regulator. The torque is transmitted from 



Induction regulator for 6000 KVA, 16000 volts r h 10%. 


the motor to the worm gear of regulator, arranged over the 
rotor, by means of spur wheels and spindles. The regulator 
can also be operated by hand by means of a handle which 
can be fitted when the motor is switched off. An indicating 
device on the casing of operating gear shows the position 
of regulator at any time. The motor is controlled by a quick¬ 
acting regulator, in order to permit of the automatic regula¬ 
tion of pressure; this pressure regulator can either be set for 
constant pressure on the outgoing side or arranged with 
compounding for compensating the pressure drop in the out¬ 
going line. All operating parts are specially designed and 
enclosed, to meet the special requirements of plant for use 
in the open. 
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. 68 — February 1927 

ontcnts: On outdoor stations. 

omatic power station with synchronous induction generators, 
the Spie 2 power station of the Bernese Power Supply Co. 


Model view of a substation for 6x9000 KVA, 132/66 kilovolts, 16 3 /» cycles (in course of construction). 


On outdoor stations. 


The erection in the open air of electrical machines and 
switchgear without any roof covering was considered a ha¬ 
zardous enterprise in Europe for a long time, at least inso¬ 
far as large plant was concerned. Today, however, these so- 
called outdoor stations have been introduced everywhere, 
and have exceeded all expectations, particularly regarding 
the reduction in initial costs; on the other hand, the fears 
entertained as to there being a reduction of security in ser¬ 
vice and duration of life have proved groundless. 

The requirements for special design suitable for outdoor 
erection were preliminarily restricted to transformers and 
switchgear. For several years, small stations of medium 
pressure with limited demand for energy have been built in 
Europe as outdoor stations. 

The increased cost of building worK has accelerated the 
development of outdoor stations for large outputs and high 


pressures, and at the present time it appears that, in Europe, 
the erection of transformer stations in the open will become 
standard, except in special cases where the surroundings 
demand an indoor installation. 

At the beginning it was believed that outdoor distribu¬ 
tion stations must, as in the case of indoor plant, be laid 
out with the utmost economy in space and also be ar¬ 
ranged at several levels. As outdoor stations are preferably 
situated outside residential districts where the prices of the 
sites are still cheap, a saving in area is of small importance 
compared with the extra costs for maintenance when the ar¬ 
rangement is inaccessible, and not easy for supervision. The 
modern tendency is, therefore, to place transformers and 
switchgear side by side on the ground level or at an easily 
attainable height, accessible from every side and readily 
transportable. Only the conductors and disconnecting switches 
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are elevated on steel structures. In extreme cases, the con¬ 
ductors and disconnectors are also mounted at a low level 
and so-called “one-level stations” are erected. This construc¬ 
tion is often decided upon in view of the advantages of pe¬ 
riodical overhaul of the whole plant, which can be easily and 
quickly arranged in an adjacent covered workshop with 
convenient approach facilities. For this purpose, the ma¬ 
chines and gear are fixed in such a manner that they can 
be easily removed from their position on a truck, and be re¬ 
placed by spare gear, if such is necessary. The workshop has, 
therefore, to be arranged accordingly and it is advisable to have 
same fitted with an efficient oil cleaning plant. All parts of the in¬ 
stallation have to be made suitable for the climatic conditions. 


the circuit breaker contacts after a certain number of switching 
operations is absolutely essential. Care should be taken to 
provide unobstructed outlets for any gases produced, in the 
rainproof switch tanks, through the working of this gear, but 
excessive oil throwing must be guarded against. All operating 
parts have to be protected against the formation of rust. This 
is easily possible, when ample provisions exist for sufficient 
temperature equalisation, and all bright parts are suitably 
greased. 

The releases of the oil circuit breakers are preferably 
fed from an independent supply, which is arranged together 
with the control room and workshop in the service building. 
The question of excess pressure protection is debatable. 


Railway substation for 10000 KVA, 60000/15000 volts, 16 ! /j cycles. 


Oil-immersed gear must be of such a design that a mi¬ 
nimum of moisture enters the oil. Air spaces over the oil 
level have to be connected to the outer air in such a man¬ 
ner that a temperature equalisation is always effected. Only 
thus, can the formation of condensed wafer be avoided. Self- 
cooled transformers are preferable. Separately installed cool¬ 
ing systems permit satisfactory cooling of transformers up 
to largest outputs. Suitable and absolutely reliable plant must 
be used to accelerate artificially the oil circulation. The 
transformer tanks are generally filled completely with oil and 
fitted with expansion vessels, in which only a small oil sur¬ 
face comes into contact with the air. Furthermore, the air is 
cleaned and dried before entering the oil conservator. The 
temperatures in the transformer are electrically recorded in 
the control room, also any variation of the pressure in the 
tank and the oil circulation. 

Oil circuit breakers must be so constructed that an ex¬ 
change can be made in a minimum of time. An.inspection of 


Very good results have been obtained with suitable earthing 
of the neutral points and increased insulation in the sub¬ 
station, as compared with that of the transmission line. 

All switchgear, even disconnecting switches, are prefe¬ 
rably electrically controlled, whereby, several poles can be 
provided with common drive. Stranded copper or copper 
tubes are used for the conductors and given a solid coating 
of paint after erection. Bright parts of the switchgear are to 
be nickel-plated. 

Petticoat type insulators made in one piece or assem¬ 
bled disc insulators with rigid fittings are used on this type 
of plant. 

All switching operations should, whenever possible, be 
carried out from the control room. An automatic signalling 
device in the control room showing when the alterations in 
connections are effected, will be of good service. As a rule, 
easy supervision of the connections of the switch plant should 
be possible from the control room. 
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Notes and News Items 


Automatic power station with synchronous induc¬ 
tion generators. In February 1925, the Services Industriels 
de la Ville du Locle placed an order with the Oerlikon Com¬ 
pany for two hydro-electric sets, intended for the power station 
of Rangonniere. The problem was to arrange for the automatic 
operation of this station, both on the hydraulic and the electri¬ 
cal side. The equipment comprises two sets, one for 500 KVA 
and the other for 550 KVA; they are linked up by a common 
connecting line, with the busbars of the Locle distribution sta¬ 
tion, situated about 2.2 miles away. These busbars are either 
fed by the adjoining supply system and by the power station of 
Rangonniere together, or by the latter generating station alone. 
The conditions laid down were the following:— 

1) Automatic starting up of sets from the Locle distribution 
station as well as from the Rangonniere power station itself. 




500 KVA set with automatic starter. 


2) Automatic synchronising of generators, with the busbars 
at Le Locle. 

5) Automatic starting up of the 350 KVA set off the 500 KVA 
set and vice-versa, in the case where the Rangonniere 
power station should work alone without any current being 
derived from the adjoining supply system. 

4) Remote control of the regulator of the wafer turbines of 
the two sets. 

5) Remole control of the regulators of the generators with 
a view to adjusting the pressure from Le Locle when the 
Rangonniere power station is working alone, this being 
done either directly by push button control or indirectly 
by Thury regulator. 

6) Automatic starting up and closing down of sets in the case 
of a fault in the pilot cables, in the case of racing of tur¬ 
bine, too great overload and excessive heating of bearing, 
core or ends of windings of generators. 

7) In order to obtain great safety in operation all sensitive pie¬ 
ces of apparatus were, as far as possible, dispensed with. 


The synchronising takes place without introduction of 
paralleling relays. 

The conditions 1) and 7) led to the adoption of synchro¬ 
nous induction generators. These generators are switched direct 



Diagram of connections of the automatic power station 
of Rangonniere with 500 KVA set. 


on to the system, in the same way as induction motors, and 
synchronise automatically* In order to meet the third condi¬ 
tion, it was necessary to damp the heavy rushes of current. 
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occuring when the plant comes into step. For this purpose, 
the starting gear is fitted with an auxiliary choking coil, which 
is only switched in for short periods. 

The control circuits are fed with direct current and are so 
connected that, in the case of failure of the auxiliary supply, the 
sets are immediately closed down and brought to a standstill. 

The diagram above shows the mode of operation of the 
automatic installation in question. To start one of the sets, the 
respective push button switch “1” is pressed (either in LeLocle 
or in La Rangonniere); this closes the circuit of the electro¬ 
magnet “a” in front of the rotary valve of the turbine. The ar¬ 
mature of the magnet opens the valve of the hydraulic servo¬ 
motor, whereby the water acts on the piston, which operates 
the rack of the rotary valve. The valve opens gradually and 
operates, during its rotation, the change-over switch “c” of 
the starting gear “m”, as well as the regulating resistance “r”, 


Three-phase generators for the Spiez power station 
of the Bernese Power Supply Co. In order to meet the 
growing power demand in their distribution area, the Bernese 
Power Supply Company have been led not only to build new 
hydro-electric generating stations, but also to increase the 
output of their existing installations. Such a conversion 
was carried out in the Spiez power station where the five 
original 1000 KVA units where replaced by three new sets with 
generators supplied by the Oerlikon Company. The genera¬ 
tors are each built for an output of 3400 KVA at 500 rpm., and 
wound for 16000/17600 volts, 50 cycles, three-phase. The ma¬ 
chines are connected direct to the large distribution system of 
the Bernese Power Supply Company. They are provided with 
built-on exciter, the pressure regulation being ensured by acting 
on the excitation of exciter alone, by means of a quick-acting 
pressure regulator. The machines are each direct coupled to a 



View of llie machine room of the Spiez Power Station showing the three 3400 KVA generators. 


which serves for the signalling of the valve position. At the 
end of the movement, the change-over switch “c" puts the servo¬ 
motor of “m” into service. Meanwhile, the water has entered 
the turbine, which attains gradually its normal speed. The 
servo-motor of the starting gear “m” causes the closing of 
the main circuit breaker “p” first, then short-circuits step by 
step the starting resistance “s” in the rotor circuit of the ge¬ 
nerator, and lastly the damper choking coil is also short-cir¬ 
cuited. The generator is thus connected to the supply and 
synchronised. The shutting down and stopping of the set is 
effected by the pressing of the push button “0”; the main cir¬ 
cuit breaker “p” opens and causes, at the same time, through 
the intermediary of an auxiliary switch, the interruption of 
the electro-magnet circuit of the rotary valve. This valve then 
shuts by itself. 


3500 HP. horizontal Francis turbine. As the pressure of the ge¬ 
nerators was rather high as compared with the output, the 
clients laid down very severe conditions as regards insulation 
of stator winding. All the coils were subjected to a test pres¬ 
sure of 40000 volts between the conductor itself and a tin foil 
sheath foFoheTnTrrufe, before assembling the winding; further- ^ 
more insulation tests were carried out, once the winding was 
in position, with a pressure of 5200 0 volts between phases, 
and between phases and frame. 

The rotor is made up of seamless rings of forged. S. M._ * 
steel, shrunk on a powerful cast iron spider. The massive cast 
iron poles are secured to the rotor rim by means of the special 
Oerlikon method of fastening with claws inserted into round 
holes. The rotors were subjected to an overspeed test of 975 
rpm., for one minute. 
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H. T. Electrode steam generators for pressures of 3000 to 8000 volts. 

Notes and News Items, Improvements in the design of single-phase traction motors. 
Loading reactances for large generators. 


\ 


\ 



100-ton train of the Saarlouis-Kreuzwaid line. 


The Saarlouis-Kreuzwaid Line. 


This line is mainly intended for conveying the workmen 
living in the Saarlouis district to and from the La Houve 
Mines; it is a standard gauge single-track line, and has a 
^maximum gradient of 1 in 53.3. The length of line is about 
9 miles, 14 intermediate stations being provided. 

The workmen’s trains consist of one motor coach and 
six trailer coaches, representing a total load of 100 tons. For 
the other trains, the number of passenger coaches and goods 
trucks coupled to the motor coach depends upon the,requi¬ 
rements. In order to be able to deal with the heavy trains, 


each motor coach is fitted with two D. C. series motors, each 
developing an output at wheel rim of 100 HP at 17 m. P- h., 
the pressure at terminals being 750 volts. The maximum speed 
is 31 m. p. h. The motor bearings and the axle bearings are 
of the ball bearing type; lhe motors are designed for start¬ 
ing up against twice normal torque. The trains are fitted With 
continuous air brake and light signals. 

The results obtained during operation have been extre¬ 
mely satisfactory, specially, in the case of the heavy work¬ 
men’s trains. 
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H. T. Electrode Steam Generators for Pressures of 3000 to 8000 volts. 


It is now the usual practice, when raising steam by electri¬ 
city, to resort to electrode steam generators connected direct 
to lhe high tension supply. In the case of pressures of 3000 to 
8000 volts, three-phase, the electrode boilers can be designed 
for capacities from about 300 KW onwards and can be built 
for outputs up to 5000 KW and more, as the pressure adopted 
increases. 

These electrode steam generators are suited, for instance, 



Fig. l. 


for utilising surplus energy, and more especially night current, 
such as can be obtained at low rates from hydro-electric power 
stations; but, even in the case of steam power stations, the 
sale of night current may be of advantage to an electric under¬ 
taking, when one or more boilers have to be kept under pres¬ 
sure for standby purposes, and are thus only partially utilised. 

The illustration on this page represents an equipment which 
was installed by the Electricity Works of Aarau, Switzerland, 
at the Lonstroff Rubber Works in that town. The capacity of the 
plant is 600 KW at 5200 volts, 50 cycles. The steam produced 
in the electrode boiler during the day is led either directly to 
the presses and cookers, or into the old flue boilers which are 
now used for standby purposes. The flue boilers themselves 
have not been fired a single time since the installation of the 


electrode boiler in 1920 — a fact that leslilies to the reliability 
of this method of raising steam by means of electrode steam 
generators; they are now used solely for equalising the load, 
as the steam consumption of the Works is very fluctuating. 
Should there, however, be a shortage of waler at the power 
station, the flue boilers can be fired at any time. 

TheOerlikon Company, in conjunction with Messrs. Escher 
Wyss & Co. of Zurich, have installed a large number of H.T. 
steam generators not only in Switzerland, but also in many 
other European and Overseas countries, which haven given en¬ 
tire satisfaction. A large 1200 KW equipment for 6000 volts has 
been in service for some time al one of lhe hospitals of the 
City of Basle (Fig. 2). The two existing flue boilers there are 
now used for standby purposes only; there is, on the other 
hand, a separate sleam accumulator with a storage capacity of 
2500 KW-hours, which can feed the different parts of the hospi¬ 
tal when the electrode boiler is not working. This accumu¬ 
lator is loaded up to a pressure of 170 lbs. per sq. in. and supp¬ 
lies the steam through a reduction valve at any desired pressure 
below that value. The hospital requires steam for the kitchen 
as well as for the laundry. In addition to this, hot water is also 
needed; this water is healed in a separate counter-flow appa¬ 
ratus, by means of the steam generated in lhe electrode boiler, 
and stored in large tanks. The electrode boiler thus fulfils here 
the double function of supplying both steam and hot waler. 

Two similar electrode boilers, each for 1000 KW, 6000 volts, 
have been recently ordered for an installation in England. 
Though the current is derived, in this case, from a steam pow¬ 
er station, the operation of electrode boiler is economical 
under present conditions; this is due to the fact that the cur¬ 
rent is obtainable, here loo, at a reduced rate during the night, 
while the low price of boiler, the small space needed and the 
limited attendance required, are very important advantages for 
the installation in question. On the other hand, the fact that no 
coal storage room is necessary, that chimneys can be dispen¬ 
sed with, and that smoke is eliminated, is also a matter of no 
little importance in a town. 

The following are a few particulars regarding the design 
of the H.T. electrode steam generators themselves:— 

The output can be easily regulated by varying the level 
of wafer. The maximum output corresponds to the highest le¬ 
vel of water, so that the surface of electrode in contact with the 
wafer and the volume of water have then the greatest value. 
The boiler has no storage capacity, this being a favourable 
feature with respect to rapid heating up. The H.T. electrode 
boiler is, in outward appearance, similar to a L. T. electrode^ 
boiler, but differs from it in certain details of construction. 
The electrodes are separated by insulating bodies arrang¬ 
ed in an iron frame fitted inside the boiler; these insulating 
bodies are of very simple design, unlike those in other 
makes of boilers, which are in the form of tubes easy to break 
or assume very complicated shapes, so that forced water 
circulation is required. The bushings of the electrodes in 
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the cover or Doiler are somewhat longer than those of L.T. boil- and 6400 volts have shown that the efficiency of this plant 
ers, but consist also of three simple sleeve-shaped parts; there can reach 98%. For the protection of plant, provision is made 
aie no stuffing boxes, the joints being rendered perfectly tight for a triple-pole oil circuit breaker mounted on the control 
automatically, as a result of the pressure inside the boiler, panel and fitted with three overload relays. As a further safe- 
The equipment works as a star-connected plant, with the guard, two water contacts can be provided on the boiler; the 
boiler itself acting as neutral point. upper one switches off the feed pump if the water in the boiler 

The wear of the electi odes, aswell as of the insulating parts reaches a too high level, while the lower one causes the main 
is very small. The electrodes, which are secured to the cover, circuit breaker to open when the level of water drops too low, 
can be removed by raising the latter; the insulating' bodies and thus prevents the interruption of current from taking place 
between the electrodes can also be withdrawn together with in the boiler between the electrodes. The operation of plant is 
the Ira me carrying them. Tests on an H.T. boiler for 1200 KW thus absolutely safe, while the maintenance is verv simple 
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shown that the temperature reached, at no point of the sta¬ 
tor, more than 60% of the heating limit, in the case of one- 
hour operation, and 50 % on continuous service. 

The advantages of this design of motor with very amply de¬ 
signed stator can be clearly seen from the illustration. The trac¬ 
tive effort permissible from the point of view of heating of stator, 
rotor and commutator, is shown there in relation to the speed. 
The continuous tractive effort at 65 km/h. (40 m.p.h.) is taken 
there as 100 °/ 0 . The heating of stator is practically independent 
of the speed; the permissible value of current decreases, how¬ 
ever, with increasing speed in the rotor, owing to the losses 
being dependent upon the rotor frequency and, in the com¬ 
mutator, owing to the variable friction effect. The tractive effort 
is limited by the stator up to a speed of about20km/h (12.5 m.p.h.) 
and afterwards by the rotor. This type of motor can thus deal 
with heavy train loads allow speeds (goods trains) or can be sub¬ 
jected toseverestartingconditions immediately after continuous 
operation. The rotor design of the motors for express locomo- 



Tractive effort 
permissible with 
regard to heating of 
the different 
parts. 

1 Stator windings 

2 Commutator 

3 Rotor winding 


sufficiently large to cover the full load losses of the latter (in 
certain cases excluding excitation) and those of the reactance 
coils. Two such coils are represented here. When a three-phase 
load is required, three units are installed. 

The windings of coils are made of stranded copper cable, 
so that the eddy current losses are small. These coils can t>e 
used for the most varied pressures and currents as they are 
made up of different sections with numerous tappings. The 
space round the winding is limited inwardly and outwardly l>y 
thick insulating cylinders of resinous paper; the windingr in 
this annular chamber is cooled by a powerful draught of air. 
which is produced by a blower fitted to the equipment. For 
three-phase loads and 50 cycles, the coils can be used, for 



lives further embodies a new arrangement of winding. The ends 
of the lower rotor bars projecting beyond the core are not bent 
over, onthecommutatorside.Therofor bars are wider in the part 
corresponding to the upper layer, than in that corresponding 
to the lower layer. The bars of the upper layer are thicker, but 
not as high as those of the lower one, so that the eddy current 
losses are reduced. The bars of the lower layer are, in the case 
of each individual slot, completely insulated before insertion, 
and each constitutes a coil unit; these units are inserted axially 
in the upper widened portion of the slot and then brought down 
radially to the bottom of slot. The advantages of the semi-clos¬ 
ed and of the open slot are thus combined, in the case of the 
lower layer. The air space between the straight ends of bars 
affords very good cooling facilities. In the recent designs of 
motors, the equipotential connections form, together with a 
special supporting ring, a disc-shaped body which can be 
screwed to the completely wound armature and screwed off 
when dismantling the latter. Special attention is paid to the 
manufacture of the commutator. - 

The foregoing remarks show that these single-phase series 
motors with commutating field displaced in phase,accordingfo 
the method of Dr. Behn-Escbenburg, although unaltered in their 
essential features, have been improved very considerably. 

Loading reactances for large generators. In order to 
be able to test even the largest units at full load at the Works, 
the Oerlikon Company have recently built reactance coils which 
make it possible to load inductively (at cos <p = 0) single- and 
three-phase generators up to very high outputs. In such a case, 
the motors driving the generators in question need only to be 


the following conditions, for instance:— 
at 2200 volts ... for 350 to If000 KVA in about forty steps, 

at 6600 volts ... for 5000 to 25000 KVA in twenty-four steps, 

at 11000 volts . .. for 8500 to 45000 KVA in twelve steps. 

At other pressures, a corresponding range of loading It* 

obtainable. In the case of other frequencies than 50 cycles, t]ic> 
capacity varies in the same ratio as Ihe frequency. The use of 
these choking coils for loading purposes permits, in the first 
place, of an accurate study of the heating at full load, such con¬ 
ditions being only attainable incompletely during ordinary ser¬ 
vice and with much loss of time. On the other hand, with this 
method, if is possible to determine the actual efficiency mueli 
more accurately than when the latter is based on the light loa cl 
and short-circuit losses; this is due to the fact that, with larg-<» 
units, the eddy current losses which occur under shorf-circu I| 
conditions are much smaller than when the plant is working*- 
at normal pressure. 
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The Locomotives EBB 101 to 180 of the Paris-Orleans Railway 
and the Traffic They Have to Deal With. 



Express train at the Paris-Austerlitz station. 
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Central compartment. Screen lifted lo permit of ihe inspection of H. T. gear. 


Master 
controller 
open for 
inspection. 


Driver’s cab. 
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The Locomotives EBB 101 to 180 
of the Paris-Orleans Railway 
and the Traffic They Have to Deal With. 


In Oerlikon Bulletin No. 20, of February 1923, we gave 
a general description of the mechanical part and the elec¬ 
trical equipment of these locomotives; as slated at the time, 
if was proposed to revert to the matter in a subsequent is¬ 
sue, and to complete such particulars as were given by ac¬ 
tual data obtained during normal service, as well as during 
preliminary tests, so as to show the kind of traffic the loco¬ 
motives were capable of dealing with. 

The main particulars of the locomotives EBB 101 to 180 
are as follows:— 

Tractive effort o nc>f)r | Output at 
at wheel rim wheel rim 

in lbs. 111 ni|,n ' in HP 

23100 28.5 1800 One-hour rating \ at 1350 volts with 

18400 30 1500 Continuous rating / forced ventilation 


Maximum tractive effort at start. 47500 lbs. 

Gear ratio. 1:3.47 

Maximum speed. 62 mpli. 

Length over buffers.40 If. 8 in. 

Distance between centre pins.. 19 ft. 4 in. 

Total wheel base...28 ft. 6 in. 

Diameter of wheels (with new lyres).4 ft. 5.1 in. 

Total weight of’ locomotive. 75.6 Ions. 

Weight of electrical equipment 

(including gears, pinions and gear case). 31.7 Ions 

Weight of mechanical pari. 43,8 „ 

Weight of suspended parts. 54.4 „ 

Weight of body alone. 35.7 „ 

Weight of complete bogie. 19.9 

Weight of sprung part of bogle. 9.4 „ 

Weight of non-sprung part of bogie ... 10.5 „ 


The first locomotive was supplied to the Paris-Orleans 
Railway on the 1st. May 1923 and, at the present time, about 
40, i. e. half the total number ordered by the Paris-Orleans 
Railway in July 1922 from the Oerlikon-Batignolles Com¬ 
panies, are in use on the electrified system of 1 hat railway, 
where they are used, in particular, to ensure the service on 
the Paris-Brefigny-Dourdan and lhe Paris-Bretigny-Etampes- 
Orleans-Vierzon lines; these locomotives serve to haul goods 
and produce trains and ordinary passenger trains and are 
also utilised, to a considerable extent, to deal with express 
service. In the latter case, the locomotives EBB 101 to 180 
actually lake the place of fast electric locomotives, as the 
Paris-Orleans Railway have only a few such locomotives 
primarily intended for trial purposes. 


We shall briefly describe the different 

classes of traffic 

in question. 


a) Freighl trains. 


Average trailing load 

800 to 1200 tons. 

Nominal speed 

18.5 to 25 mph. 

Highest average speed 

28 lo 31 mph. 

b) Produce trains. 


Average trailing load 

350 to 500 tons. 

Nominal speed 

40.5 mph. 

Highest average speed 

56 mph. 

c) Ordinary passenger trains. 


Average (railing load 

250 to 350 tons. 

Nominal speed 

40.5 mph. 

Highest average speed 

56 mph. 

d) Express trains. 


Average trailing load 

300 to 500 Ions. 

Nominal speed 

46.5 mph. 

Highest average speed 

56 mph. 


We would point out here that the nominal speed is a 
liciilious speed which serves to characterise the class of 
train service; it differs more or less from the actual speed 
of train laid down in lhe corresponding time table, accord¬ 
ing to the profile of the different sections of the line over 
which the train travels. 

If we examine the different classes of traffic to be dealt 
with by Ihese locomotives, we see at once that the latter 
musf have, on the one hand, a very high torque to permit 
of the starting up and hauling of the heaviest trains. On 
lhe other hand, their output must be sufficient to enable them 
to make, wilhoul difficulty, long runs with express trains, 
as on the Paris-Vierzon line, which has a length of over 
125 miles, involving a weekly mileage of locomotive of 570 
to more than 440 mile-trains per day, according fo the sche¬ 
dule of operation. 

The trials carried out in this connection by the Paris- 
Orleans Company have given quite conclusive results. A 
train consisting of 58 empiy.goods trucks was used for these 
tests, the train weight being 578 tons (excluding the weight 
of locomotive). During the trials, the current taken by each 
motor for all modes of grouping was kept at 250 amps, 
wilhoul resorting to the intermediate shunting notches. These 
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results are shown in Figs. 4 and 5, where two starting cur¬ 
ves arc reproduced; the latter were obtained by means of a 
recording ammeter. These curves indicate the variations in 
current and, consequently, in tractive effort between the dif¬ 
ferent starting notches, the average pressure being 1230 to 
1250 volts. 

An analysis of these curves shows, as could be expect¬ 
ed, that the greatest variation in current and, consequently 
in tractive effort, takes place for parallel grouping with 
100% field. This variation in tractive effort is, however, 
quite normal within these limits; it amounts, in fact, only 
to 2090 lbs. in all, with this mode of grouping, the cor- 


The following table further gives a few running data 


obtained during these tests (trailing 

load = 

= 578 tons). 

Mode of grouping 

Speed 

mph. 

Current 
per rnotoi 

Tractive 

effort 


amps. 

Series, 100% field, on level 

12.4 

50 

2860 !bs. 

Series, 100'Vo field, on 1 in 166 gradient 

7.45 

160 

11450 „ 

Series, 100° „ field, on 1 in 125 gradient 

6.S2 

190 

13850 „ 

Series-parallel, 100% field, on level 
Series-parallel, 100% field, 

22.3 

65 

3630 „ 

on 1 in 166 gradient 

15.5 

175 

12750 „ 

Series-parallel, 100% field, 




on 1 in 125 gradient 

14,85 

205 

15400 „ 



Fig. 4. Starting test with 250 amps on gradient of 1 in 143. 

Strip taken with recording ammeter. 1 division ----- 14 a /n secs. 

Trailing weight <578 Ions. Duration 3 minutes. Distance .62 mile. 

.Power consumption 41 kw-hours. Average working pressure 1230 volfs. Speed at the end of test 23.3 mph. 


1250 



Fig. 5. Starting test with 250 amps on gradient of 1 in 125. 

Strip taken with recording ammeter. 1 division — 14 2 /r. secs. 
Trailing weight 578 tons. Duration 4 min 20 sec. Dislance 1.025 mile. 


Power consumption 70 kw-hours. Average working 


responding variation in current being about 22 amps per 
motor. The maximum variation in tractive effort recorded was 
about 3500 lbs. in all, the corresponding variation in current 
being 35 amps, per motor. It is also interesting to note the 
starting times which amounted to 4 min. 20 secs up to a 
final speed of 26 mph., when starting on a gradient of 1 in 
125, and to 5 min. up to a final speed of 23.3 mph., when 
starting on a gradient of 1 in 145. 


pressure 1250 volts. Speed at the end of test 26 mph. 


The acceleration of these locomotives must be sufficiently 
high to permit of rapid starting up when hauling express 
trains as well as when dealing with ordinary passenger 
trains; in the latter case, in particular, it is of the utmost 
importance from the poinf of view of power consumption 
and of punctual running to start up very quickly, owing to 
the numerous stops. The following are the values obtained 
for the acceleration at start, with a train of 290 tons:— 
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•448 mph./sec. on gradients of 1 in 834, with an average 
starting current of about 250 amps per motor. 

.851 mph./sec. on level, with an average starting current 
of about 350 amps. 

The notable performance of these locomotives, which 
results from their electrical characteristics has necessitated 
a special study of the mechanical part so as to ensure that 
the latter should be capable of meeting the duties imposed 
by the electrical equipment. 

It may be pointed out here that, though the locomotives 
in question are primarily intended for hauling freight trains, 
the results obtained with them on fast service have been as 
good as in the case of the most modern express locomotives, 
both on straight track and on curves. This has been fully 
demonslraled by comparative tests made by the engineers 
of the Paris-Orleans Railway. These measurements were 


The differences in the case of the various speeds must 
be ascribed to the fact that the measurements were made on 
different sections of the line. 

These good riding qualities, in particular, constitute one 
of the special features which place this type of D. C. loco¬ 
motive in the very front rank of modern locomotive design 
and render it both the most adaptable locomotive and that 
best capable of dealing with the most varied traffic of a great 
railway system. 

We are reproducing here speedometer strips obtained 
on an express train Paris to Les Aubrais, which is hauled 
regularly by these locomotives. These strips give an accu¬ 
rate idea of the speed these locomotives can maintain. 

We would further point out that the current consumption 


** mark for closed signal 



Fig. 6. Sirip of a recording speedometer on the section Paris-Les Aubrais. 
Southern Express. Trailing weight 397 tons. 



Fig. 7. Simplified profile of the Paris-Vierzon line. 


made by means of a Hallade recording apparatus, on the 
Paris-Etampes line. The instrument was placed, for the pur¬ 
pose of comparison, first in the forward driver’s cab of the 
Iocomolive running light and subsequently in the third com¬ 
partment of a first-class coach, type ATS with two bogies. 

The ratio between the maximum amplitudes of the ver¬ 
tical displacement V and of the transversal displacements 
T, for the same distance travelled, at the same speed, can 


be obtained 

from the following fable. 



Speed 

Coacli ATS 

Locomotive EBB 103 

Ill. p. ll. 

T V 

T 

V 

63.3 

1 1 

1.58 

1.59 

60.8 

1 1 

1.38 

2.14 

62 

1 1 

2.34 

1.30 

60.8 

1 1 

3.82 

2.78 

57 

1 1 

2.03 

3.08 


is very small, the latter being as an average (after deduction 
of the power consumption of auxiliaries) 19.3 watt-hours per 
ton-mile for series-parallel operation of motors (normal ser¬ 
vice) with a trailing load of 578 tons (39 goods trucks), a 
maximum speed of about 27.9 mph and an average working 
pressure of 1400 volts. 

The tractive resistance measured on locomotive is plot¬ 
ted in curve 1 of Fig. 8; the curve 2 represents the theore¬ 
tical tractive resistance obtained from the following formula:— 

Rkgs/tons = 1.5 (s.5+.- 2 ^o~). 

We shall supplement these readings with a few figures 
taken during service on locomotives of this series. 
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a) Freight train MW Les Aubrais 
with stop at Etampes. 

Trailing load 
Nominal speed 
Maximum permissible speed 
Time'measured for the journey 

over (he Aubrais-Etampes section 
Time measured for the journey 

over the Etampes-Brdtigny section 
Power consumption measured with meter 


to Bretigny 


1135 tons (70 coaches) 
18.6 mph. 
27.9 mph. 

1 hr 52 min (39.1 miles) 

53 min 30 secs (15.2 miles) 
945 kw-hours 


b) Freight train MW Paris to Les Aubrais 
with stops at Bretigny and Etampes. 

Trailing weight 960 jo n g 059 coaches) 

Nominal speed 186 m ,, 

Maximum permissible speed 27.9 mnh. 


Same train on return journey Etampes to Paris. 


Time measured for journey 

over the Etampes-Brdtigny section 
Time measured for journey 

over the Brdtigny-Juvisy section 
Time measured for journey 

over (he Juvisy-Paris section 
Power consumption measured with meler 


21 min (13.95 mi lev-.) 

11 min (7.45 mile***) 

17 min (1 l.S milesO 
696 kw-liour.s 


d) Express train Paris to Les Aubrais. 

trailing load 400 tons (10 coach ess > 

Nominal speed 43,4 m ph„ 

Maximum permissible speed 35 g nipli. 

Time measured for journey 

over the section in question 1 h 30 min ( 73.8 mllCH) 

Power consumption measured with meter 1015 kw-hotiris 


Resistance in lbs. per ton. 



Fig". 8. Tractive resistance curves. 

1 Test result 

2 Curves obtained from formula 


Time measured for journey 

over the Paris-Bretigny section 
Time measured for journey 

over the Bretigny-Etampes section 
Time measured for journey 

over the Etampes-Les Aubrais section 
Power consumption measured with meter 


1 hr 9 min (19.4 miles) 

42 min (15.2 miles) 

1 hr 37 min (39.1 miles) 
1334 l<w-hours 


r.p.m. 

1100 

m.p.h. 

62 


900 


50 


700 


37 


500 


25 

300 
H. P. 


® 100 200 300 400 amps. 

Fig. 9. Characteristics of traction molors Type TM3301. 



V = efficiency in "/„ 

P = output in HP 

V — speed in mph 

F tractive effort in lbs 


n r.p.m. 

100 “/„ field 
Pressure 1350 volls 
Gear ratio 1:3.47 


Time measured for journey over this sectior 
Power consumplion measured with meter 


1 n eo mm (/p.h mik\Si) 
695 kw-hourj-j 


c) Fast passenger train Paris to Etampes 

with stop at Juvisy and Bretigny. 
Trailing load 
Nominal speed 
Maximum permissible speed 
Time measured for journey 

over the Paris-Juvisy section 
Time measured for journey 

over the Juvisy-Breligny section 
Time measured for journey 

over the Brdfigny-Efampes section 
Power consumption measured with meter 


660 tons (18 coache: 

43.4 mpl 
55.8 nip] 

17 min (11,8 mile: 

13 min (7.45 mile: 


20 min (13.95 mile: 
790 kw-houi 


It may be of interest to give here a few particulars re¬ 
garding the traction motors; the characteristics of these ma¬ 
chines are represented in Fig. 9. We shall further describe 
the main contactors which are designed for eleclro-pneumatie 
operation; these contactors, while permitting of the different 
modes of connection, afford an effective means of protection 
Tor the electrical equipment and the traction motors, in par¬ 
ticular. 

The value of 430 HP guaranteed by the Oerlikon Com¬ 
pany as one-hour rating of the traction motors — a figure 
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which constitutes 3 record for motors tor nose suspension 
and intended for standard gauge locomotives — has been fully 
adheted to, and the motors have proved amply dimensioned 
for that output, both lrom the electrical and mechanical point 
of view. On the other hand, the continuous rating of 330 
HP laid down in the specification has been greatly exceeded 
during tests; it has, in fact, been possible by resorting to 
special lorced ventilation to increase the continuous output 
to 375 HP. 

The motors, as stated before, are arranged for nose 
suspension and provided with forced ventilation; they are 
fitted with two rows of brushes only. The reduction of 
field is obtained simply by cutting out field turns. The ar¬ 
mature bearings are of the ring lubricated type, with lined 


give iise to disturbances in service, owing to the jerks to 
which the locomotives are subjected on the line; experience 
shows however, that with the two rows of brushes suitably 
arranged, entirely satisfactory results can be obtained even 
at high speeds. 

As regards the design adopted with armature bearings 
and axle bearings, if seems to be the best and most reliable 
ariangemenl, as well as the most convenient, with regard to 
maintenance and the cheapest that can be devised at the pre¬ 
sent day, in the case of motors ol the size in question. 

It may be mentioned that, from the time these motors 
have been put into service up to the present day, there has 
only been one case where bearings have been found to heat, 
and this was due to insufficient lubrication owing to the loss 



Traction motor, type TM3301. 


bronze bushes, while the axle bearings are arranged for pad 
lubrication and provided with lined cast steel bushes. 

In view of the performance of these motors during ser¬ 
vice, if would seem that the formula used is that which gives 
the best results at the present stage of development of trac¬ 
tion design. There is no need to point out the advantages 
derived from the use of two rows of brushes only, on mo¬ 
tors with nose suspension; it may merely be mentioned that 
this arrangement greatly facilitates the maintenance of motors. 

It might have been feared that, at speeds of 56 mph. 
such as come into question, under normal operation, when 
the locomotives are hauling express trains or produce trains, 
the use of two brush-holders only, on the motors, might 


of an overflow pipe. We would add that, as a test, the lubri¬ 
cating oil in the motor bearings of several locomotives was 
only renewed after a mileage of more than 31,000 miles, 
without this giving rise to any trouble or excessive wear of 
parts. 

In spite of the very exacting duties which these motors 
have to perform and though several locomotives have al¬ 
ready done a mileage of over 47,000 mile-trains, practically 
no wear has been observed in the bearings. Furthermore, 
the consumption in lubricant is very small. Under normal 
conditions, several thousand miles can be run without hav¬ 
ing to add any lubricant to the armature bearings, in par¬ 
ticular; this gives an idea of the reliability in operation as 
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well as of the reduction in maintenance costs which can be 

obtained with these locomotives. 

The type of drive adopted for these motors, in the case 
of the locomotives of this series, is one with single reduc¬ 
tion gear without flexible coupling arrangement. We would 
however, mention that the first locomotive of this sei ies was 
designed with flexible drive and double reduction gear. 

The particulars and figures given above apply to the 
two types of locomotives, the results obtained being prac¬ 
tically the same, in either case. 

It can be said that the wear of gears has been very li¬ 
mited with both designs; in fact, at the present time, after 
more than three years service, no appreciable wear of gears 
has been observed. 

Experience would, however, tend to show that, in certain 
special cases, preference could be given to a flexible drive 
with double reduction gear, as with this arrangement the 
non-sprung weight is reduced and the locomotives are thus 
rendered more suitable for high speeds; on the other hand, 
smoother starting up of locomotive is obtained. 

As regards the main contactors, they are electro-pneu- 
matically operated; it may be mentioned that this design of 
contactor was used for the first time by the Oerlikon Com¬ 
pany on the locomotives EBB 101 to 180 and has subse¬ 
quently been adopted as standard on all Oerlikon locomo¬ 
tives for 1500 volts D. C. Contactors of this type are also 
utilised, for instance, on the express locomotive, type 2BB2 
supplied by Oerlikon-Batignolles to the P. L. M. Railway, as 
well as on the 22 locomotives, type CC ordered from the 
Oerlikon Company by the Northern Spain Railway (Com- 
parn'a de Los Caminos de Hierro del Norte de Espana). 

This shows conclusively that the gear in question has 
given entire satisfaction. Its advantages can be summarised 
as follows: robust construction, perfect insulation of body 
of contactor, very high speed and, consequently, great rup¬ 
turing capacity, ready access to parts and very easy main¬ 
tenance and overhaul of gear. 

The illustrations to be found here give some idea of 
these various advantages. It may be stated that the contac¬ 
tors were guaranteed for a rupturing capacity of 1000 amps 
at 1500 volts; it has been possible, however, during the se¬ 
ries of tests carried out at the substation of St. Michel 
s Oise, of the Paris-Orleans Railway, to interrupt repeatedly 
a current of 5,500 amps at about 1500 volts. With two con¬ 
tactors in series, the rupturing capacity has exceeded 6000 
amps at 1500 volts. 

Owing to these remarkable results with regard to rup¬ 
turing capacity and in view of the convenient arrangement 
of the train control equipment, it has been possible to dis¬ 
pense entirely with a quick-acting circuit breaker on the lo¬ 
comotives EBB 101 to ISO, as the contactors themselves re¬ 


place such gear, and even present certain advantages from 
a practical point of view, specially with regard to inter¬ 
changeability, simple construction and easy maintenance. 

In order to form an idea as to the protection afforded 
by this gear, the Oerlikon Company carried out a series of 
short-circuit tests on the equipment of a locomotive. For 
these tests, one traction motor was earthed; the short-cir¬ 
cuit output had to be limited to 6000 amps at 1500 volts, as 
the testing conditions at the substation did not permit of a 
larger output. 

The results obtained during a number of consecutive 
tests were quite conclusive, as the interruption of current 
took place in an entirely reliable way; the total rupturing’ 
time obtained from oscillographs was about 4 / J0 second. It 



Contactor. 

may be added that the contactor gear causes the interrup¬ 
tion to take place in two stages; during the first stage, the 
starting resistances are introduced by Ihe contactors con¬ 
trolling these resistances and the short-circuit current is 
reduced, while, during the second stage, the current is ent¬ 
irely interrupted by the line contactors. 

We do not propose to deal here with the various details 
of the electrical equipments, but the information we have 
given regarding their essential parts, namely the traction 
motors and contactor gear, should give a general idea of 
the lines on which these equipments have been studied and 
constructed. 


296 






ATELIERS DE CONSTRUCTION OERLIKON, OERLIKON 




Fig-, 1. Glass bulb rectifier plant for 400 KW, 500 volts, with 3 glass bulb rectifiers in parallel. 

Glass Bulb Rectifiers. 


As a result of the remarkable progress made in con¬ 
nection with glass blowing, it is now possible to manufac¬ 
ture bulbs of very resistant glass, for mercury rectifiers up 
to considerable outputs. A few years ago, the largest cur¬ 
rent for which glass bulb rectifiers could be built was 40 
amps, at the present day, however, reliable equipments of 
this type can be made for capacities of 200 KW at 600 volts. 
There is, in fact, every likelihood that, before long, still lar¬ 
ger outputs will be obtainable with glass bulb rectifiers, spe¬ 
cially in the case of high pressures. 

In view of the great possibilities of this plant, the Oer- 
likon Company have devoted much attention to the equipping 
of such installations, a number of which are now in operation. 

The main object aimed at when disposing the plant is 
to make each bulb rectifier and its accessories an entirely 


self-contained unit. With this arrangement great simplicity 
is obtained and supervision becomes very simple; on the 
other hand, as these rectifiers lend themselves so easily for 
standby purposes, great reliability in service can be ensured 
without having to provide a large amount of spare plant. 
Furthermore, the provision of glass bulb rectifiers affords 
the simplest means of extending existing sub-stations, whe¬ 
ther they be equipped with mercury rectifiers or with rotary 
converters, without great expenditure on structural altera¬ 
tions. It may be pointed out that even in sub-stations for 
large D. C. capacities, the installation of a certain number 
of glass bulb rectifiers may be a very economical propo¬ 
sition; this applies more especially to railway sub-stations 
where a large standby capacity is required. On the other 
hand, it is quite clear that the reliability in operation of an 
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installation is greater when it contains a large number of units 
in parallel, than when it is equipped with two or even one unit. 

The provision of glass bulb rectifiers in sub-stations 
with large standby capacities presents the further advantage 
of necessitating only a small outlay, as compared with the 
total cost of installation — a very different case to that of 
rotary converters or metal mercury rectifiers. In such instal¬ 
lations, the rectifiers are mainly used for standby purposes, 
as they constitute the part of equipment most liable to in¬ 
jury. It is thus possible, under these conditions, to provide 



Fig. 2 . 


an ample standby capacity at a relatively low cost, owing 
to the limited expenditure entailed by glass bulb rectifiers. 
The repair of glass bulbs is not costly; in fact, as a repair¬ 
ed bulb is as good as new, the makers replace damaged 
bulbs by new ones. 

Glass bulb rectifier units consist, in the main, of a glass 
bulb with complete priming and excitation device, of a D. C. 
circuit breaker with overload and reverse current release, 
and of the necessary instruments. Fig. 2 represents such 
an equipment with a 500 volts, 550 amps. bulb. The priming 


of rectifier bulb is done by electro-magnetic means, the de¬ 
vice in question being brought into play by a push button. 
When it is desired to parallel units, it is merely necessary 
to close the D. C. circuit breaker. 

In view of the fact that mercury rectifiers are so simple 
in operation and easy to parallel, this type of plant is spe¬ 
cially suited for use in automatic sub-stations. The Oerlikon 
Company have an installation of this description for the ope¬ 
ration of their Works’ railway; theequipment in question (Fig. 3) 
comprises two glass bulb rectifiers for 600 volts and 150 



FIg. 3. 

amps. The plant is switched on in the morning and requires 
no further attention. Automatic sub-stations with glass bulb 
rectifiers are characterised by great simplicity and, at the 
same time, great reliability, as all appliances for the mea¬ 
surement and checking of vacuum, water-cooling, etc., such 
as required for metal mercury rectifiers, are dispensed with. 

Fig. 4 is a single-line diagram of this installation. The 
plant is switched on by means of the switch, 1, or through 
the action of a time switch. The following switching opera¬ 
tions then take place:— 
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1. Switch ing on. 

a) As a result of the closing of switch, 1, the relay, 2, 
comes into play and closes the circuit, 3, feeding the 
auxiliaries. The circuit breaker, 4, is switched on and 
pressure applied to the main transformer, 5. 

b) Both rectifiers 1 and II become alight automatically. 
The relay, 6, cuts out the priming device, as soon as 
the excitation starts to function. 

c) At the same time, the automatic circuit breaker of the 
rectifier I and the outgoing circuit are switched on. 
Current can now be supplied to system. The switching 
on and off can, of course, be made 

dependent upon the pressure of sy¬ 
stem. 

2. Paralleling. 

When the load increases, the second 
rectifier is switched on automatically by 
means of the paralleling relay, 7. The 
relay with lime adjustment, 8, prevents 
too frequent switching on and oir in the 
case of a very fluctuating load. The 
rectifier is switched off when the load 
decreases. 

3. Protection against overloading 
and short-circuits. 

In the event of short-circuits in the sy¬ 
stem, the current is interrupted by means 
of the overload relay,9. The plant is then 
switched on again through the opera¬ 
tion of the re-setting relay, 10. The 
switching on lakes place tentatively at 
certain intervals of time. The minimum 
current relay, 11, prevents the switching 
of plant on a short-circuit. 

In the case of a permanent short- 
circuit, the whole installation is closed 
down. At the same time as the station 
is switched off, an alarm bell starts to 
ring in the nearest supervision post. 

The overload relay, 12, protects the 
bulb against overloading; this relay 
switches off the bulb in the event of 
prolonged overload, in which case the 
signalling device also comes info play. 


& if. 
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Notes and News Items. 

Regulating resistances with large number of steps. 

It is becoming more and more the practice to regulate the 
pressure of alternators by shunt regulation alone, that is to 
say, to provide a regulator only in the field circuit of ex¬ 
citer. In such a case, the main regulator in the field circuit 
of alternator is entirely dispensed with, so that installation 
and maintenance costs are reduced. On the other hand, the 
small shunt regulator is easier to operate than a main re¬ 
gulator. 

In order to be able to keep the pressure of alternator 
constant between light load and overload, it is often neces¬ 
sary to regulate the terminal pressure of exciter over a range 


of 1:4. The adjustment of pressure within these limits en¬ 
tails the use, not only of a special type of exciter with re¬ 
gulating poles, but also of a regulator with a large number 
of steps. If this condition is not satisfied, the generator pres¬ 
sure can only be adjusted with difficulty, specially at light 
load or when the machine is working as an under-excited 
synchronous condenser, or not at all. 

In order to meet the case, the Oerlikon Company build 
special regulating resistances with a large number of steps, 
which are both simple in design and easy to operate. The 
illustration given here shows one of these regulators with 
casing removed. With a view to obtaining the large number 
of steps required, the contact studs are arranged along a 
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spiral path; this makes it possible, to use the length of the 
circumference several times over. The contact on the arm, 
which moves over the studs, is arranged in such a way that 
it can slide between two guides; it is carried by an insulat¬ 
ing support gripping the studs on either side. In view of this, 
the moving contact is forced to follow the spiral path when 
the hand-wheel is operated. There is further a fixed contact 
on the regulator arm, which slides over a contact ring and 
serves to lead the current to the terminals of regulator. 

The sections of resistances corresponding to the indi¬ 
vidual steps consist of helical elements and are linked up 
directly to the studs. Every other stud is connected to the 
base of the helical resistance, and the stud in between, to 
the support of resistance; the latter is arranged as shown in 
the above illustration. It is thus possible to dispense with 
special connections between resistance and contacts. 

With the design in question, a large number of contacts 
and the corresponding resistances can be concentrated within 
a relatively small space. The number of studs amounts to 
100, 500 or 1000 according to the size of regulator; the num¬ 
ber of turns of hand-wheel required to cover the whole con¬ 
tact path varies, of course, accordingly. The regulator illu¬ 
strated above, for instance, has 240 studs; the necessary 
number of turns is 3.8. 

In order to show the position of the moving contact at 
any time, a special position indicator is provided; the latter 
can either be fitted directly on the regulator or mounted on 
the switchboard. The reduction gear of the indicating device 
is so designed that the displacement of pointer does not ex¬ 
ceed 360° even when several turns have to be made with the 
hand-wheel; on the other hand, both motions take place in 
the same direction. The attendant thus sees, in the case of 
any adjustment of regulator, in which direction he has to 
turn the hand-wheel in order to raise or lower the pressure. 

The apparatus we have described can, of course, be used 
for other purposes than that of regulating the pressure of 
alternators; it can be built, without alteration in design, for 
the speed regulation of shunt wound D. C. motors or for 
controlling drives of paper machines. 

Helical fans. The helical fans built by the Oerlikon Com¬ 
pany are so designed as to ensure a flow of air as far as 
possible free from eddies; owing to this, the efficiency of 
fan is greatly improved. As can be seen from Fig. 1, the 
fans consist of three parts, namely, the blade wheel,'the 
frame and the motor bracket, the two latter being bolted to- 



Figs. 1 and 2. Helical fan§ with motor arranged on bracket (left) 
and overhung (right). 



Fig. 3. Helical fans in position. 


gether. This arrangement with motor secured to the frame 
through the intermediary of a bracket presents the advantage 
of permitting of the use of brackets of different dimensions 
according to the size of motor. 

In recent designs, however, the bracket is omitted ancl 
the frame is connected directly to the motor flange, in which 
case the motor is made without feet and mounted overhung. 
Fig. 2 shows such a fan. The arrangement in question is 
very compact while the efficiency of equipment is high and 
its price low.' Fig. 3 shows the very simple way in which 
these fans can be mounted. 
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Testing by the pressure impulse method. Equipment for 300 KV ma at the Oerlikon Works. 





iRotor body of a large 3000 i\ p. m. turbo-generator undergoing test for determining permanent expansion. 


The Question of Safety of Large TurboGenerators. 


In view of the trend of recent years to build turbo-gene¬ 
rators of ever increasing capacity, the question of safety is 
faking precedence, more and more, over all other conside¬ 
rations, such as efficiency, for instance, as such plant neces¬ 
sarily represents a very large capital outlay, while any break¬ 
down of these machines may further result in very serious 
damage to installation. The most important precaution when 
designing and building large turbo-generators of 3000 r. p. m. 
is to ensure that the rotor body can safely withstand the 
enormous centrifugal forces to which if is subjected. The 
fact that explosions of rotor bodies have occurred from time 
lo time during the last years shows that security in this re¬ 
spect has not been attained in all cases. 

The Oerlikon Company have always paid the greatest 
attention to this matter and preferred to sacrifice other ad¬ 
vantages rather than to depart from fundamental principles 
which many years’ experience have proved to be correct. In 


the case of the rotor bodies of large standard 3000 r. p. m. 
units, the stresses in all parts are relatively very small, as 
can be seen from the fable below; we are giving there, for 
instance, the stresses and tensile strength of material for the 
largest of these standard sizes, with capacities of about 20 
to 30000 KVA, at 3000 r. p. m. 

Stresses Tensile strength 

Rolor teeth 4.26 tons/sq.in. 47.7 tons/sq.in. 

Innermost fibre in the central bore 8.88 47.7 

Protective cover for the ends of rotor winding 13.34 54.1 

, .orwc / Bending 1-20 12.7 

Slot wedges ^ Surface pressure 2.31 12.7 

Compression in the case of the uppermost 

insulation layer (micanite) .76 — 

These values of stresses which are, according to the va¬ 
rious data published, very small as compared with those of 
other makes, have .been attained, in the main, through the 
use of aluminium strip for the rotor winding a mode of 
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construction utilised by the Oerlikon Company as far back 
as some eight years ago*). The adoption of rotor windings 
of aluminium in the case of large 3000 r. p. m. units for more 
than 10000 KVA, with a view to increasing the degree of 
safety, was greatly facilitated, owing to the very good ven¬ 
tilation obtainable with the Oerlikon rotor design; there was, 
therefore, no difficulty in ensuring the dissipation of the ad¬ 
ditional heat, due to the excitation losses being about 50% 
greater in the aluminium winding than in the copper wind¬ 
ing. It may further be mentioned that the individual coils are 
joined up by means of autogenous welding according to a 
special process, and that the joints are as secure and easy 
to make, as soldered connections of copper strip; in fact, 
more than eight years have elapsed without a single defect 
occurring on such aluminium windings. 

Even in the case of still larger 3000 r. p. m. machines — 
50000 KVA units have, for instance, already been designed 
and tendered for — the stresses at 3000 r. p. m. are also kept 
low, as can be seen from the following table:— 

Stresses Tensile strength 


Rotor teeth 

4.32 tons/sq.in. 47.7 tons/sq.in. 

Innermost fibre of the central bore 

10.4 

47.7 

Protective covers for the ends of rotor winding 15.87 

63.6 

Slot wedges / pending 

® \ Surface pressure 

.95 

2.54 

12.7 

12.7 

Compression in the case of the uppermost 



insulation layer (micanite) 

.88 

— 


Apart from keeping the stresses low, the Oerlikon Com¬ 
pany utilise a very accurate method for making sure that the 
rotor body is perfectly sound. The usual way of ascertain¬ 
ing whether a rotor body is safe is to subject the rotor, after 
completion, to an overspeed test in an explosion proof cham¬ 
ber. If the rotor withstands this test, it is regarded as “safe” 
and passed for delivery, without troubling whether it has suf¬ 
fered in its structure, as a result of this severe test. The 
method used by the Oerlikon Company, makes it possible, 
however, to obtain quite definite data regarding the condition 
of material, quite apart from the mere overspeed test. 

After the rotor body has been received from the steel 
works, with bore along its centre, and numerous tangential 
and radial tensile and bending tests have been carried out 
by experts to make sure that the strength of material com¬ 
plies with the specified values, the bore is examined by means 
of a special optical instrument, with a view to ascertaining 
whether there are any hollows or other faults in the material. 
It is only once this test has shown that the interior of rotor 

is perfectly sound, that the first machining operation is car¬ 
ried out. 

After the winding slots have been cut out, and before 
the ventilation slots are made, the rotor body is subjected 
to overspeed tests at increasing speeds. When the rotor body 
is in this condition, stresses in it are exactly the same as 
or a completed rotor with its aluminium winding. The pro- 
CedUrC W ' th the method of testing in question is essentially 

bv H* RUm de ^ eI °P me nts in the design of turbo-generators" 

“On large r n P ° iytechni ^ Suisse of 28th. October 1922. a™d 

* ,he buim ” * 


as follows:— The diameter of the rotor body is measured 
at different points, before and after each test, with a precision 
micrometer specially built for the purpose, in order to be 
able to ascertain any permanent expansion, before overstrain¬ 
ing of material takes place or any danger arises. The in¬ 
strument used for this purpose permits of measurements with 
a degree of accuracy of Vioon of a millimetre (% n . m of an 
inch). The measuring points are of course finely machined 
so that this degree of accuracy can be obtained. It is a well- 
known fact that every stress in material gives rise to a non¬ 
permanent elongation, as well as to a very small permanent 
extension, long before the limit of proportional elongation or 
even the yield point is reached. This value of permanent ex¬ 
tension is, however, at the beginning so small that even on 
large parts, it can only be measured exactly by means of 
instruments permitting of the above accuracy. The diameter 
of rotor is first measured before the overspeed test, at va¬ 
rious points accurately fixed, this being done, as in the case 
of all other measurements, after the temperature of rotor body 
and measuring instrument have been carefully equalised; the 
temperatures are measured by means of calibrated and finely 
graduated thermometers. The difference in temperature at the 
time of readings must not exceed l / 10 0 C. 

A 3000 r. p. m. rotor is first run at about 2500 r. p. in. and 
after the temperature has been equalised, a reading is taken 
again. The speed is then increased to 2900 r. p. m. and a 
further measurement made, and so on at 3200, 3400, 3600 and 
3750 r. p. m. It is only when there is no permanent expansion 
exceeding permissible limits, after the overspeed test at 3750 
r. p. m., that the rotor body is passed for manufacture and 
further machined and wound. Fig. 1 shows a rotor body un¬ 
dergoing such a test. The measurements are, of course, all 
carried out at exactly the same pressure, the latter being in¬ 
dicated by a so-called “minimeter”. The man watching the 
minimeter keeps the instrument in a frictionless condition by 
gently tapping it with a finger, while the attendant operating 
the micrometer increases the measuring pressure by slowly 
turning the handwheel until the man at the minimeter signals 
that the desired pressure has been reached. A reading is then 
taken on the micrometer. The corresponding scales and ver¬ 
niers are illuminated by means of small electric lamps and 
read through fixed magnifying glasses. As the measurements 
are made with so high a degree of accuracy, any defect is 
revealed by the increasing permanent expansion, long be¬ 
fore the material itself is damaged, and there is absolute 
certainty, when a rotor has been passed, that it has no over¬ 
strained places as a result of these tests. In this way, it is 
possible to guard against such causes as may lead to de¬ 
structive explosions in service. If permanent expansion ex¬ 
ceeding permissible limits occurs before reaching the highest 
speed of overspeed test, the trials are, of course, discontin¬ 
ued and the rotor is at once rejectecl. 

During tests carried out recently on a rotor with a dia¬ 
meter of body of 920 mm. (5'0 VO. the values of the final per¬ 
manent expansion at 5 points were 0.0086, 0.0093, 0.0097, 0.0104 
and 0.0073 mm., that is to say, as an average, only 1 / 10 oo °/o 
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Fig. 1. Fig. 2. 

in standard regulations could not furnish sufficient data for of increase corresponds to that of a periodical sinusoidal 
arriving at the dielectric strength of insulation between turns oscillation of about 2500000 cycles per second. The rate at 
ol machines and transformers, in the event of pressure sur- which the pressure decreases is considerably less, but is still 
ges*). In view of this, the Oerlikon Company have installed, very high in comparison with a sinusoidal oscillation of 50 
in their department for the testing of materials, a special cycles per second. 

equipment lor producing H. T. pressure impulses. We are Fig. 2 is a view of the test room. The two sets of two 

giving below a brief description of the equipment in question, f-jT. valves in series can be clearly seen; these valves are 

The diagram of connections of installation is given in heated by means of insulated lead accumulators. The prim- 

Fig. 1, The two condensers C, and C 2 are charged negati- j n g S p ar g gap p t j s in the centre of the illustration, and the 

vely and positively respectively through the H. T. valves V x measuring spark gap F 2 on the left. The latter spark gap, 

*) “Comparative surge tests and puncture measurements on the wind- the resistance R and the object to be tested are to be con- 
mg of a 3000 IcVA, 60 kV transformer” by Dr. M. Wellauer, in the Journal , , , ,, , . , . , 

of the Association of Electrical Engineers, Vienna, No. 3, 1927. nected together by means of thick conductors as short as 
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of (he length measured. Even if the expansion of rotor body The rotor once completely wound is further tested three 
a reacted a multiple of this value, the rotor could have times at 25°/ 0 above normal speed with the winding heated 
een regarded as “safe to a temperature of 120° C. (To be continued in next issue). 


Testing by the Pressure Impulse Method. 

Equipment for 300 KVmax at the Oerlikon Works. 


The pressure impulse method of testing H. T. materials 
is a process which has been gaining very much in impor¬ 
tance of late. This is due to the fact that, in the case of many 
parts ol Id. T. plants, it is often only possible to obtain ac¬ 
curate data regarding the el'ficacity of insulation, under ser¬ 
vice conditions, by determining the dielectric strength of this 
insulation when subjected to pressure impulses of short du¬ 
ration and following each other very rapidly. This applies, 
for instance, to the insulation between turns of the windings 
of all electrical machines and of transformers, in particular. 

The lests carried out in the H. T. laboratory of the Oer¬ 
likon Company have shown that the surge tests prescribed 


and Vo, and V ;! and V 4 , by the transformer Tr. The charging 
of condensers continues until the pressure between them 
causes the priming spark gap F, to come into play. The 
large and very rapid equalising current which results causes 
the desired pressure impulses in the resistance R of the oscil¬ 
lating circuit Cj, R, C 2 , F 4 ; the shape of this pressure im¬ 
pulse can, in practice, be determined in a sufficiently accu¬ 
rate way. The maximum value of the pressure impulse is 
measured by means of the measuring spark gap F.,. The ob¬ 
ject O to be tested is connected in parallel with the resis¬ 
tance R. The value of the pressure rises from zero to its 
maximum in about Viooooooo of a second. This very rapid rate 
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possible. All the other connections forming part of the oscil¬ 
lating circuit are likewise to be as short as possible. The 
two condensers Q and C 2 are mounted above: the roof of 
test room, and shown on Fig. 3. Each condenser consists 
of a number of screens with large surface, made of wire net¬ 
ting with small mesh, mounted on supporting insulators. This 
new design of condensers has given excellent results. The 
condensers are entirely free from Corona effect. The value 
of the capacity and of the puncture pressure can be varied 
within the widest limits. This design was adopted, as it was 
found from tests that glass and liquid condensers, such as 


in the case of thin insulation and low puncture pressures 
up to 30 kV; the frequency of impulses had no noticeable 
influence. The dielectric strength was only dependent upon 
the total number of impulses, no matter whether the impulses 
followed each other rapidly or slowly. This can be explained 
by the fact that the duration of the impulse itself is so very 
small, as compared with the intervals between impulses for 
50 impulses per second. The frequency of impulses is regu¬ 
lated by increasing the A. C. pressure more or less above 
the D. C. pressure to be obtained. The number of impulses 
per second is determined by means of oscillographs. Fig. 5 


■miiuiiiisin 


Fig. 3. Condensers mounted on the roof of test room. 


_ • _ , 6.5x4 

Curve a — Copper bars, -=-= —mm, 

/.o Xo.c) 

9 x paper, 1 x braided 
7x4 

Curve b — Copper bars, — zr —-—- mm, 

y xo 

15 x paper, I x braided 
7x4 


Curve c — Copper bars, 


10.9x7.9 


30 x paper, 1 x braided 

a* b* c* Puncture values for 50 cycle A. C. pressure, 
applied during- one minute. 

The points with arrows directed upwards correspond 
to readings, for which puncture had not yet occurred 
after 3000 impulses; the arrows denote that the actual 
puncture pressure is higher. 


Impulses] 


0,02 0,2" / ' !,S n 2" 3* S”C B" 10" IS* 20” 30" ¥0*30*60*80*100* 200* 

Fig. 4. Pressure impulse tests — Conductor to conductor, in oil at 16° C. 


obtainable, were destroyed after a short time by these pres¬ 
sure impulses. 

In Fig. 4, three curves have been reproduced giving the 
puncture pressures in function of the time, for paper insula¬ 
tion between the turns of a transformer winding. A notable 
feature is the small variation in the value of the puncture 
pressure. Exhaustive tests have been carried out with a view 
to finding out the influence of the frequency of impulses on 
the puncture pressure. For this purpose, the number of im¬ 
pulses was varied between 6 per minute, i. e. 0.1 per second 
and 50 per second. The preliminary results have shown that, 


represents an oscillograph for 50 impulses per second, i. e., 
for the case where the charging of condensers takes place 
so rapidly that, at every cycle, a discharge occurs across 
the priming spark gap Fj. The periodical oscillation in the 
oscillograph is the 50 cycle calibration curve serving as 
time scale. Fig. 6 shows an oscillograph taken in the case 
of a frequency of impulses of 50 / s per second. 

The testing installation in question is to be equipped very 
shortly for higher pressures than 500 kVmax. We shall give, 
in a subsequent issue, further particulars regarding the results 
of tests on H. T. material carried out with the plant described. 
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5000 KW rotary converter for 10000 amps., 500 volts. 


New Rotary Converters. 

The Oerlikon Company have recently supplied various 
rotary converters, which are of particular interest, in view ol 
their special duties, large capacity or high pressure on D. C. 
side. A rotary converter with a continuous rating of 2300 KW 
at 460 volts, 5000 amps, has, for instance, been supplied for 
the production of zinc by electrolysis, while a rotary conver¬ 
ter for 2500 KW, 2X165 volts, 7500 amps., another for 4000 KW, 
500 volts, 800 amps., and a third for 5000 KW, 2X250 volts, 
10 000 amps., have, been built for the manufacture of synthetic 
ammonia. On the other hand, the Oerlikon Company have 
supplied, for traction work, rotary converters for 500 KW at 550 
volts, for 1000 KW at 660 volts, for 500 KW at 900 volts, for 
400 KW at 1200 volts, for 500 KW at 1350 volts, and for 
750 KW at 1500 volts. 


All machines have given excellent results under very 
severe conditions of service. The Oerlikon Company have 
further recently received an order for the complete electrical 
equipment of all the sub-stations of a Spanish railway, the 
Ferrocarriles Vascongados, connecting San Sebastian with 
Bilbao, high-tension D. C. being adopted there as traction 
system. The sub-stations are fed with three-phase current at 
29000 volts, 50 cycles, which is converted into direct current 
by means of rotary converter equipments. These rotary con¬ 
verters are notable, both as regards capacity and pressure. 
They are designed for a continuous output of 1200 KW and 
for a terminal pressure of 1750 volts on the D. G. side; the 
overload capacity prescribed is 50% for one hour and 100% 
for three minutes, without exceeding the permissible tempera¬ 
ture limits. 
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Compensated Three-phase Motor 
with Additional Slip. 


lag-- 


Ordinary three-phase induction motors, without special 
devices for increasing the slip, have pronounced shunt cha¬ 
racteristics, and are thus little suitable, when in that form, 
for driving rolling mills. In order to be able to utilise the 
moving masses of the rolling mill, for damping the sudden 
variations in load, and thus prevent too heavy fluctuations in 
current in the system, the characteristics of the machine must 
be such that the speed of the driving motor drops when the 
load increases. This means that the motor must 
have a sufficient slip. 

It is a well-known fact that the slip of indue 
tion motors is proportional to the energy trans-_|_/,p 
mitted electrically to the rotor circuit of induc¬ 
tion motor. In the case of an ordinary induction 
motor, the rotor winding is, under normal con¬ 
ditions, short-circuited; consequently, the electric gj s n g 
energy transmitted to the rotor is purely repre¬ 
sented by the ohmic losses in the rotor circuit. In 
order to increase the slip, resistances can be in¬ 
serted into the rotor circuit. With this method 
of slip regulation by means of resistances, part 
of the energy transmitted electrically to the ro¬ 
tor is wasted in the resistances; as a result, the 
efficiency of plant is reduced. 

The mode of regulation adopted by the Oer- 
likon Company consists in the use of a series- 
excited, compensated frequency changer. This 
method presents two special advantages over 
slip regulation by means of resistances. In first 
place, the regulation of slip takes place entirely 
automatically and without losses; secondly, an 


made to work with a leading power factor. In the latter case, 
a pressure must be applied in the rotor circuit, which has a 
phase displacement of 90° in relation to the slip-EMF. The 
resulting counter-EMF of the compensated frequency changer 
will thus be made up of a component, which ensures the slip 
regulation — directly opposed in phase to the slip-EMF in 
rotor circuit — and another component displaced through 
90° in relation to it, which supplies the necessary magnelis- 



o loo 200 300 kWl 

Fig. 1. Characteristics of motor (1 with compensator and 2 without compensator) 


and single-line diagram of connections of equipment 


improvement of the power factor of system can also be ob¬ 
tained as the machine can work with leading power factor 
up to high overloads. 

The compensated frequency changer permits of the utili¬ 
sation of the electric energy transmitted from stator to rotor 
when the motor is working with a large slip. It thus avoids 
ihe wastage of energy in slip resistances. The counter-EMF 
tor neutralising the excess in slip pressure is provided here 
by the compensated frequency changer, instead of by resis- 


ing current. Fig. 1 contains a single-line diagram showingthe 
mode of connection of the induction motor and the series-excit¬ 
ed compensated frequency changer. The induction motor is de¬ 
signated by A. The transformer Ti, for the excitation of fre¬ 
quency changer, is connected in series between the motor A 
and the supply. The compensated frequency changer P is 
coupled directly to the shaft of the induction motor, when 
the number of poles of both machines is the same, or through 
gears when the number of poles is different, in order to 
tances, and can be adjusted for the same phase and value; ensure that the frequencies of the counter-EMF of frequency 
the power absorbed by the frequency changer is returned in changer and of the slip pressure of induction motor are 

the form of mechanical energy and is available again on the identical at all speeds. 

shaft of the motor. The fact that this slip energy is returned The arrangement of frequency changer with compensa- 

in the form of mechanical energy and not fed back into the tion winding, adopted by the Oerlikon Company, is that de¬ 
system, as, for instance, in the case of compensated fre- vised by Milch as far back as the beginning of the century. 

The frequency changer itself is built, in a general way, as 
an induction motor, with the difference that it has an arma¬ 
ture similar to that of a rotary converter, with commutator 

. „. . - and sliprings. A three-phase brush equipment is provided 

cover the wattless component of motor, as the necessary on the commutator side, and connected in series with the 
excitation can be provided from the rotor circuit by adjust- compensation winding on the stator. The compensation wind¬ 
ing the phase of the counter-EMF of the compensated fre- ing in question serves to neutralise the ampere-turns of the 
quency changer accordingly; in fact, the motor can even be armature winding, due to the rotor current of induction mo- 


quency changers not coupled to the motor, renders the for¬ 
mer arrangement specially suitable for operation at constant 
load under variable torque. 

It is possible, apart from ensuring slip regulation, to 
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for. Owing to the provision of the compensation winding, which must be suitably chosen when coupling the machines, 
it is only necessary, for obtaining a counter-EMF in the Owing to the fact that the compensated frequency chan- 
frequency changer, to supply a small amount of magnetising ger is series-excited, the excitation of this machine increases 
energy at the sliprings of the frequency changer, for instance, with the current of induction motor, and a variation of slip 
The frequency changer is connected, on the stator side, is produced, similar to that obtained by means of slip re- 
to the brushes of the induction motor, which rest perma- sistances; on the other hand, the phase of the counter-EMF 
nently on the sliprings, and on the slipring side, to the se- of the frequency changer varies with the current of induction 
condary winding of the current transformer Ti, as shown in motor. It is therefore possible to arrange, without special 
the above diagram. The current of induction motor, stepped device, that, when the slip increases, an over-compensation 
down in the transformer Ti, is used for the excitation of fre- of motor takes place automatically up to high overloads. If 
quency changer, and led into the latter through the sliprings; the two rotors are suitably coupled together, the counter-EMF 
the pressure thus produced between the commutator brushes created in the frequency changer can be used nearly entirely 
is applied to the rotor circuit at the sliprings of the machine, for compensating the wattless component, when the induc- 
As mentioned before, this EMF must have a given phase dis- lion motor is on no-load, only a very small component being- 
placement in relation to the slip-EMF in the rotor circuit, in or- taken for producing a slight over-synchronism of set. When 
der to obtain the desired conditions; this phase displacement the load increases, the induction motor absorbs watt-current, 
is permanently fixed by the relative position of the two rotors, and the resulting additional excitation of frequency changer 

is mainly an EMF producing a slip, and only 
a small component causes further supply of 
wattless current to the system. 

The curves in Fig. 1 show the type of cha¬ 
racteristics obtainable with induction motors 
provided with such series-excited compensat¬ 
ed frequency changers; for the purpose of 
comparison, data are also given for the in¬ 
duction motor alone. The current taken from 
system, as well as the power factor and slip 
are plotted in function of the energy drawn 
from the system at various loads. The supply 
pressure was maintained at 5000 volts within 
a few percents. As can be seen, the speed cha¬ 
racteristics of set are quite similar to those ob¬ 
tained in the case of slip regulation by means 
of resistances. On the other hand, a high 
compensation of wattless KVA is attained, 
wattless current being supplied to the system, 
both within the normal range of operation 
and up to high overloads. In view of this, the 
overload capacity of set is a multiple of that of 
non-compensafed induction motors. 


The Question of Safety of Large Turbo-Generators. (Continued from page 305), 

Apart from the safety of rotor body, from a mechanical 
point of view, the ability of the stator winding to withstand 
short-circuits is of the utmost importance. Although the break¬ 
down of a stator winding is generally far from having as 
serious results as, in certain cases, the explosion of a rotor, 
the rewinding or careful repair of a stator damaged by a short- 
circuit is a lengthy and expensive matter. In the case of 
a sudden short-circuit, however, it is not only the stator wind¬ 
ing that is endangered, but the coupling and bearings are 
also subjected to very heavy stresses, specially with single- 
phase short-circuits, which have to be taken into account*). 

It may be pointed out that the term ’’security against short- 
circuits” is meant to cover the absolute immobility of the whole 
winding in the event of a sudden short-circuit, that is to say, 
absence of all displacement of its various parts; the latter 
condition is a matter of the utmost importance as the repe- 

»j Se p. filsn ’^Experimental investigations regarding sudden short-circuits in 
A. C. generators” by H. Rikli, in the ’’Bulletin de l’Association Suisse des 
Electriciens" No. 5, 1925. 


lition of such displacements may lead to breaks or gradual 
damage to the insulation, so that punclures are then liable 
to occur and the winding becomes defective. Over 500 sudden- 
short-circuits were carried out on a standard 2500 KVA turbo¬ 
generator, in order to obtain the necessary data for dealing 
with the forces that come into play under such conditions**). 

The illustration on the following page shows the method 
adopted to support the stator winding of a 23400 KVA gene¬ 
rator, for the purpose of rendering it secure against short- 
circuit stresses. In this connection, it may be said that designs 
of winding supports are often encountered where the ends of 
windings are nearly entirely covered by a mass of clamps 
and bolts; this abundance of supports, while in no way in-: 
creasing the security against short-circuits, unless each sup¬ 
port is specially adapted to the magnitude and direction of 
the force to be dealt with, necessarily interferes very materi- 

**) See also ’’Measures adopted for dealing with short-circuit stresses in 
stator windings of turbo-generators” in Bulletin Oerlikon No. 28 of Octo¬ 
ber 1923. 
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ally with the ventilation of the ends of coils. It is, above all, 
important to link up the supporting structure of winding with 
the stator casing, in order to prevent an angular displace¬ 
ment from taking place, as the enormous braking forces which 
come into play in the event of a sudden short-circuit do not 
only act between the core of rotor and stator, but are also 
partly applied to the ends of winding. This stiffening is en¬ 
sured by the circular comb which clamps the coils along the 
whole periphery, as they leave the slots, and are themselves 
secured to the end plates of stator; the rest of the support¬ 
ing structure is likewise linked up with the sides of the casing. 
Both supporting arrangements can be clearly seen in the illu¬ 
stration. The internal forces in the ends of coils themselves 
are relatively easy to deal with by providing a sufficient num¬ 
ber of clamps and distance pieces. 


to the method of testing with pressure impulses, the insula¬ 
tion between turns of such coils withstands a much greater 
pressure, — at least 1.5 times working pressure. 

In order to be able to maintain the winding in good con¬ 
dition, it is not only necessary to pay the greatest attention 
to the question of design, but also to keep the interior of 
winding always sufficiently clean. This has led to the general 
adoption of air filters with turbo-generalors, from an early 
date. It is, however, not possible to keep the windings per¬ 
manently clean even by resorting to the best filters, as shown 
hereafter. Non-filtered air contains about 10 milligrams of 
dust per m a ; if it is passed through a filter having an effi¬ 
ciency of 95°/ 0 — a very high figure — the air still contains 
after this process 0.5 milligrams of dust per nr*. A 50000 KVA 
turbo-generator requires for cooling purposes about 30 nr 1 




Views of stator of a turbo-generator for 23400 KVA, 3000 r.p.m,, showing method of support adopted for rendering 

winding secure against short-circuit stresses. 


The task of rendering the stator winding secure against 
breakdown of insulation, when the value of pressure is not 
very high, is a problem which has long been solved and does 
not present any difficulty, insofar as the measures adopted 
to protect the stator winding against short-circuit stresses 
ensure the preservation of insulation in good condition. A 
matter of greater importance is that of security against inter¬ 
nal short-circuits, due to defects of insulation between turns, 
such as may occur in the case of high pressures and may 
often be the actual cause of breakdowns of windings. If the 
insulation is only provided for the normal pressure between 
turns during service, it is insufficient, as surges due to switch¬ 
ing operations or other causes, give rise to very high pres¬ 
sures, specially in the first coils. The insulation between turns 
of Oerlikon generators is always sufficient to withstand the 
full working pressure up to 12000 volts. In the case of turbo¬ 
generators, where the winding consists of half coils, this in¬ 
sulation test with full working pressure is carried out on all 
coils in the ordinary course of manufacture. When resorting 


(1059 cu. ft.) of air per second. It follows that during a total 
yearly period of service of 5000 hours the quantity of dust 
that reaches the machine, in spite of the filter, amounts to 0.5 X 
10'°X30X60X60X5000 = 270 kg (595 lbs), of which a good 
part remains in the blind corners; this causes the gradual 
clogging of fans and coating of windings with dirt. For this 
reason, use has been made, in recent times, of the closed cir¬ 
cuit method, specially in the case of large units requiring great 
quantities of cooling air. With this mode of cooling, the same 
air flows continuously through the generators, the ducts being 
arranged so as to form a closed circuit. The air is then always 
cooled down to the permissible inlet temperature, in special 
coolers arranged outside the generator. We recommend the 
closed circuit method mainly in cases where the atmosphere 
is very dusty and the outputs are large, as it is only when 
using this mode of cooling that the generators can be kept clean. 

The Oerlikon turbo-generators thus satisfy in every re¬ 
spect the most exacting requirements, in the matter of reli¬ 
ability, that can be laid down for modern generators. 
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This issue includes a sheet with Figs. 4 to 9. 



Fig. 1. 18 750 KW Turbo-generator for 3000 RPM, with fwo-flow turbine, 
on the test bed at the Oerlikon Works. 

Latest Developments in the Design of Oerlikon Steam Turbines. 


The points on which designers of steam turbines have been 
concentrating more and more, namely absolute reliability in 
operation and, at the same time, highest possible efficiency, 
have always been foremost considerations when designing 
Oerlikon turbines. Great efforts have been made, in particu¬ 
lar, in recent years, with a view to reducing the heat con¬ 


sumption of turbines, on account of the rise in price of coal 
following the war, and of the enormous increase in capacity 
of units, while the knowledge that the thermal efficiency of 
plant could still be considerably improved has given a great 
impetus to the matter. The means of attaining the object in 
question are to be sought in first place in the improvement 


309 






ATELIERS DE CONSTRUCTION OERLIKON, OERLIKON 


of the efficiency of the turbine itself, secondly in the increase 
of the heat drop available for turbine by raising the steam 
pressure and temperature, and thirdly in the improvement of 
the heat process by regenerative arrangements and interme¬ 
diate re-heating of steam. 

If may be of interest to mention that the Oerlikon Com¬ 
pany obtained, with their turbines, efficiencies of 75%and more, 
as far back as 1915 (see Journal of the Association of Ger¬ 
man Engineers, page 1698, etc.); since then, the efficiencies 
have been greatly increased and reach, at the present day, 
values above 80 %. The efficiency of turbine depends upon a 
number of factors; it is dependent in first place upon the con¬ 
struction of machine and, further, upon the section of blades, 
spacing of blades, axial play, distribution of the heat drop, 
number of stages, etc. In order to ascertain the influence of 
these individual factors, the Oerlikon Company have made 
exhaustive tests, which have enabled them to carry out such 
improvements in turbine design as were still possible. Some 
of these improvements have been made in recent years, and 


in question cannot be used efficiently in one stage, owing to 
the high vacuum, the stream of steam is divided in two or three 
parts. This has led to the construction of two and three-flow 
turbines which are provided with casing in two of more sec¬ 
tions accordingto the initial pressure. In view of this, it is pos¬ 
sible for the Oerlikon Company to build, at the present time, 
turbines up to 40000 KW at 3000 rpm. and 150000 KW at 1500 
rpm. with high efficiencies. 

Fig. 2 shows a 4000 KW Oerlikon turbine at 3000 rpm. and 
Fig. 3 a 10000 KW turbine which, in spite of the high vacuum, 
has still a casing in one part. The illustration on the front page 
represents an 18750 KW two-flow turbine at 3000 rpm. on the 
test bed. These turbines differ outwardly from former desigms 
mainly in that the governor is arranged inside the pedestal of 
the high pressure bearing. 

The Oerlikon Company have always used pressure sta¬ 
ges only, even in the high pressure part, in the case of units for 
average and large outputs, and dispensed with a velocity stage 
wheel. The advantage of velocity stage wheels of permitting of 



Fig. 2. 4000 KW Oerlikon Turbine for 3000 RPM. 


the efficiencies obtained are, at the present day, amongst the 
highest attained. 

No essential alterations have been made to the plant. The 
Oerlikon turbine is still now an impulse turbine with, as a rule, 
partial admission in the high pressure part, and full admission 
in the low pressure portion. The number of stages varies with 
the heat drop and speed. For normal steam conditions (pres¬ 
sures up to 285 Ibs'sq. in.), the Oerlikon Company used to 
provide 16 to 20 stages at 1500 rpm., and 10 to 13 stages at 
3000 rpm. At the present day, the number of stages at 3000 
rpm. has been increased to 12 to 16, the diameter of high pres¬ 
sure part being chosen considerably smaller than that of the 
low pressure portion, in the case of large units. When the steam 
pressure exceeds a certain value (about 355 Ibs/sq. in.), the 
turbines are built with casing in two sections, from average 
capacities upwards. The runners of the high pressure part are 
then designed with a smaller diameter and the corresponding 
casing is made of special cast steel. In the case of high capa¬ 
cities (12000 KW and more) where the large quantities of steam 


operation even at overloads, at the same high efficiency as at 
full load, is secured here through the adoption of the new Oer¬ 
likon method of admitting steam for pressure stages. Fig. 4 
(see attached sheet) shows the old method of introducing the 
steam, and Fig. 5 the new arrangement (Swiss Patent 82 514). 
Formerly, the additional steam was admitted after the high 
pressure wheels, so that the steam did not produce any work 
in the high pressure part. With the new design, however, the 
additional steam is also led into the first stage and, after flow¬ 
ing through it, passes into the third stage. Linder normal 
conditions, the channels in question are closed by valves, so 
that no additional steam is admitted (see Bulletin No. 4, 1921). 
As soon as the turbine is overloaded or the normal quantity 
of steam is insufficient for developing the desired output, the 
auxiliary valves open and permit of the passage of additional 
steam through the first and third stage where it produces 
work. It may be pointed out that the heat drop in the high pres¬ 
sure part is smaller during overload than during normal load, 
as the pressure in the intermediate chamber after the high pres- 
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sure wheels increases as a result of the larger volume of steam; 
consequently, the heat drop of high pressure steam can be uti¬ 
lised advantageously in two stages. This explains the high 
efficiencies obtained with Oerlikon turbines, even at high 
overloads. 

As regards the design of Oerlikon turbines, it has remain¬ 
ed unaltered in its general lines, as stated before. The shaft 
is of Siemens-Martin steel and very amply dimensioned; it is 
carried in two bearings, the high pressure bearing being built 
as a thrust bearing. The runners are pressed on to the shaft, 
so that no loosening is possible during service. The emergency 
governor serving to prevent the plant from reaching excessive 
speeds, is mounted directly on the shaft. This emergency go¬ 
vernor also comes into play immediately, in the event of an 
axial displacement of rotor of 1 mm (.04 inch) in the direction 
of steam flow; it thus removes effectively the danger of the 
inner parts of turbine being destroyed, as might otherwise be 
the case, in the event of the lining of thrust bearing melting, 
owing to a failure of oil pressure, etc. 


present day requirements as regards reliability and high effi¬ 
ciency. Fig.6 (see attached sheet) is a section through a 10000KW 
turbine with casing in one piece, Fig. 7 a section through a two- 
flow 20000 KW turbine und Fig. 8 a section through a 30000 to 
40000 KW three-flow turbine, the speed being in every case 
3000 rpm. The steam flows first through the high pressure part 
where the stages have a small diameter, and then passes into 
the medium pressure portion. In the low pressure part, the 
steam flow is divided into three streams (see Specification of 
Swiss Patent 70675, 1915), which are led through different low- 
pressure sections. One of the low pressure sections is arran¬ 
ged in the same casing as the medium pressure part, while the 
other two are in a third casing. The turbine can be provided 
with 1, 2 or 3 condensers. Fig. 9 is a section through the gover¬ 
nor gear. Two steam inlets are provided, with two stop valves 
and two throttle valves; there are also two overload valves, 
the second overload valve alone being mounted on the high 
pressure casing. The governor gear acts in such a way that, 
once the channels for normal steam supply are fully open, the 



Pig. 3. 10000 KW Oerlikon turbo-generator for 3000 RPM. 


The Oerlikon turbines are, as a rule, arranged with partial 
admission in the high pressure part; the diaphragms are then 
of wrought iron, and the guide blades are arranged in two or 
four groups, in boxes. In the part of turbine with full admis¬ 
sion, the blades are cast into cast iron diaphragms. Guide bla¬ 
des, as well as runner blades, are made of stainless steel, in 
order to prevent rusting, although such blades cost twice as 
much as ordinary nickel steel blades. The runners and blades 
are so dimensioned as to ensure freedom from vibrations, the 
design evolved being based on exhaustive tests (see Bulletins 
Nos. 46/47). It may further be mentioned that, even with earlier 
designs, no accidents ever occurred to Oerlikon turbines, as 
a result of vibration of blades or runners. The Oerlikon Com¬ 
pany have always adopted a higher degree of safety than is 
usual, when dimensioning the individual parts of turbines (3.5 
factor of safety referred to yield point), and still adhere to this 
practice; this entails, it is true, larger dimensions and higher 
costs, but ensures absolute security. The Oerlikon Company 
are thus in a position to meet, with their turbine plant all the 


second overload valve opens completely and the first overload 
valve throttles the steam supply through Ihe additional chan¬ 
nels to the first stage, until full overload of turbine is reached. 

The output of turbine is usually regulated up to normal 
load by throttling the steam. Tests on different machines have 
shown that the gain secured by cutting out individual nozzle 
boxes, at half load, only amounted to 1—2%; consequently, 
partial load valves are only provided now when the turbine has 
to work for long periods at partial load. 

Tables I to IV give data regarding efficiencies obtained 
with Oerlikon turbines, all the machines in question being ar¬ 
ranged for the new method of admitting additional steam. The 
figures are taken from the official tests. 

The new method of admitting steam can also be used for 
improving the steam consumption at partial load. In this case, 
the turbine is calculated for a smaller output, 80% of normal 
load, for instance; additional live steam is then introduced 
through the steam channels which would otherwise only be 
used for overload. Fig. 3 shows such a design. The arrange- 
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merit in question is mainly resorted to when the machines have 
to work for long periods at partial load or are for stand-by 
purposes. 

Tabic 1) Acceptance tests of a 1500 kW Oerlikon turbo-generator at the 
power station of the Compagnie de Floreff e, March 1926. _ 

Load 5 U Vi % Ve 

Steam pressure in front of the turbine, in 

lbs ner sa in. (gauge).179.2 195.5 200.2 200.7 

Temperature in front of the turbine, in °F. 581.0 563.7 573.8 547.8 

Vacuum at outlet of turbine, in ins. Merc. 27.39 28.45 28.54 28.79 

Ontnut in kW . 1753 1463 1158 752 

Steam consumption per kW-hour, in lbs. 12.78 12.2! 12.54 13.79 

Efficiency of generator, in % • • • • 95,6 95.4 94.8 93 5 

Efficiency of turbine, in °/o. 75.8 74.6 71,6 65,5 


Tabic II) Acceptance tests of a 5000 kW Oerlikon turbo-generator at the 
power station of the City of London Electric Lighting Company, Sep¬ 
tember 1926. 

Load % 1 /i % _ Va 

Steam pressure in front of the turbine, in 

lbs ner so. in (gauge). 236.4 242.8 244.9 248.2 

Temperature in 'front of the turbine, in “F. 586 4 559.4 527.0 505 4 

Vacuum at outlet of turbine, in ins. Merc. 28.41 28.60 28.76 28.77 

Diitnut in kW. 6390 48a0 a715 2o35 

Steam ’consumption per kW-hour, in lbs. 11.29 11.48 12.23 12.80 

Efficiency of generator, in %. 9o.9 95.5 94.7 92.8 

Efficiency of turbine, in %. 77.4 76A 72 - 3 71 - 3 

Table III) Acceptance tests of a 6000 kW Oerlikon turbo-generator at the 
power station of the City of York Electric Lighting Department, Feb¬ 
ruary 1926. 


Steam pressure ‘) in front of the turbine, 

lbs./sa. in. (gauge). 157.6 155.6 156.9 

Temperature in front of the turbine, in °F. 521.2 ■ 525.7 521.4 

Steam pressure 2 ) in front of the first dia- 
phragm, in lbs./sq. in. (gauge) . . 151.9 127.0 91.7 

Vacuum at outlet of turbine, in ms. Merc. 28.99 29.15 29.16 

Output, in kW .. 5140 4260 3025 

Steam consumption per kW-hour, in lbs. 11.30 11.36 11.94 

Power factor. 0.895 0.846 0.794 

Efficiency 3 ) measured at terminals) 

of generator. 76.5 74.7 70.8 

Efficiency of generator.in % 95.0 94.7 93.8 

Efficiency of turbine referred to ’) 80.5 79 75.5 

Efficiency of turbine referred to : )J 81 80.5 81.0 

In 1926, a 10000 KW set of this description was supplied 
to the Saarlouis Power and Traction Company. As the tur¬ 
bine was only to be used at low loads — 2500 to 5000 KW — 
during the first years, it had to be arranged that the plant 
should work satisfactorily at partial load. For this purpose 
the turbine was designed so as to have its best steam con¬ 
sumption at 8000 KW.. The guarantee figures are given under a 
in Fig. 10. As can be seen, an equally good steam consump¬ 
tion was guaranteed for 8000 KW and 10000 KW. If this ma¬ 
chine, which is built with casing in one piece, had been nor¬ 
mally designed for 10000 KW, it would hardly have been pos¬ 


Ibs. p. 
KW-h 


sible to give a better guarantee figure for 10000 KW, owing 
to the high vacuum. In the case of partial loads such as had 
to be dealt with during the first years, the values would have 
been considerably more unfavourable (Curve b), and this to 
the extent of 5% at ‘/ 4 load. The acceptance tests took place 
on the 10/11 th February, 1927. Owing to the low temperature 
of river water, the vacuum produced by the condenser was 
considerably higher than provided for and could not be used 
efficiently at high loads, as can be seen from the efficiency 
curves of turbine, referred to the conditions in front of the 
first diaphragm (Curve d). The values obtained at the accep¬ 
tance tests are contained in Table IV. 

Tabic IV) Acceptance tests of a 10000 kW Oerlikon turbo-generator of the 
Saarlouis Power and Traction Company, February 1927. 

Load, in % 80 60 40 25 

Steam pressure ') in front of turbine, in 

lbs Isa in. (gauge). • 185.8 211.1 201.7 205.4 2 03.6 

Temperature in front of turbine, in 11 F. . 657.1 662.0 642.7 647.6 631.9 

Steam pressure ■) in front of the first dia- 
phraern in ibs./sci. in. (gauge) . . . . 183.1 181.9 142.8 95.2 61.0 

Vacuum at outlet o q f turbine, in ins. Merc. 28.09 29.20 29.34 29.36 29.49 

Sn,“Tw P,, °" P ' r kW ‘ h0Ur ' lbS : M0 610 4057 2505 

8 e ."‘T° r '.::::: »® i S& & & <?& 

Efficiency of turbine referred to ’). in °/o 79.5 78.7 78.1 75.7 70.8 

Efficiency of turbine referred to s ), in % 79.7 80.2 81.5 82.8 81.1 

The efficiencies referred to the conditions in front of the 
first diaphragm reach values in the neighbourhood of 80 °/ n 
and more at all loads. The maximum efficiency was obtained 
for 4000 KW, as the high vacuum could still be used efficiently 
at that load. Curve c, in Fig. 10, gives the corrected steam 
consumption figures reduced to the conditions of contract. 
Curve e represents the efficiencies of turbines referred to L ). 
It may be mentioned that the machine in question works so 
satisfactorily a( partial load that it can deal with any load 
encountered during service. 

In Fig. 11, comparative curves are plotted showing the 
improvements in turbine efficiencies secured during recent 
years. The values represented by curve 1926 are those given 
in Table III under 3 ) and measured at the terminals of gene¬ 
rator. The curve 1925 represents the efficiencies of a 5500 KW 
set taken in 1925 (see The Engineer of 11th June, 1926). As 
can be seen, the efficiencies of 1926, for the same load, are 
up to 10% higher than those of 1925; this improvement is 
mainly due to the turbine. Fig. 12 (Bulletin No. 54) shows the 
improvement in steam consumption and efficiency obtained 
in the case of two turbines installed in 1925 at the Wood 
Lane power station of the Kensington and Notling Hill Electric 
Lighting Companies to replace machines supplied in 1908. 
The increase in efficiency of turbines amounts to about 25 % 
of the 1908 value. 
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Fig. 12. Efficiencies of the sets supplied to the 
Kensington and Nolting Hill Electric Lighting Companies. 


in 1923, and of a 6000 KW set in 1926. 


WOOO kW *) 


*) Generator output. 


Fig. 10., Steam consumption and turbine efficiencies of a 10000 KW set. 
a) Guaranteed steam consumption. b) Guaranteed steam consumption for a turbine nor¬ 
mally designed for 10000 KW. c) Measured steam consumption. d) Efficiency referred 
to the conditions in front of the first diaphragm. e) Efficiency in front of the turbine. 
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Notes and News Items. Traction motors for the 22 freight locomotives, type C u Co, of the Spanish Northern Railway. 



Fig. 1. Determination of efficiency and measurement of temperature of a turbo-generator at full load and power factor = o up to 40000 kVA. 

Efficiency Guarantees and Determination of Efficiency 
of Oerlikon Turbo-Generators. 

The Oerlikon Company are now in a position to deter- that the efficiencies calculated on the basis of light load and 
mine the actual efficiency of generators very accurately, as short-circuit losses, in the ordinary way, were always lower 
they have built large loading reactances which permit of the in value than the actual efficiencies. This must be ascribed 
testing of plant up to a capacity of 40000 kVA, under full to the fact that the so-called eddy current losses to which 
load conditions at power factor zero. These tests have shown the stator current gives rise are, in part, much higher under 
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short-circuit conditions, i. e. when there is no main field, 
than with the generator normally excited and same value of 
current. It has been established as a result of exhaustive 
tests carried out under short-circuit and full load conditions, 
that the stator leakage field upon which these eddy current 
losses depend does not assume so large a value at full 
load, i. e. with the generator fully excited, as during short- 
circuit; this is due to the fact that when the machine is ex¬ 
cited, the magnetic portions of the leakage path are already 
saturated by the main field or by the leakage field of the 
latter, so that the resistance encountered by the stator leak¬ 
age field is far greater than during short-circuit, when 
there is no main field to saturate these parts. The difference 
between the value of efficiency determined in the ordinary 
way, and the actual efficiency can amount in certain cases 
to .2—.5% and more; this depends upon the relative value 
of eddy current losses. The Oerlikon Company have been 
successful in reducing the losses from this source to quite 
moderate values, in turbo-generators, in spite of the fact that 
this type of plant is noted for high eddy current losses; this 
result has been achieved by devoting the greatest attention 
to the question of design and by making use, in this con¬ 
nection, of the valuable data collected during exhaustive 
tests. In view of this, the differences between the values of 
efficiency determined in the ordinary way and the actual ef¬ 
ficiencies are not very great and should, in general, be less 
than .5%. As the Oerlikon Company, however, have the 
means of determining the actual efficiency very accurately, 
they have kept to the method of determining the actual effi¬ 
ciency by loading tests at power factor = o. .The procedure, 
in this connection, is as follows:— 

In view of the fact that the loading reactances are de¬ 
signed so as to permit of different ways of connecting up, 
and are provided with a number of tappings, the load 
can be adjusted within the closest limits at power fac¬ 
tor =o and normal pressure, in the case of all current con¬ 
ditions. The energy carried away by the air streaming- 
through the machine is then measured during continuous 
operation with the plant working on load at power factor =o. 

When doing so, it is, above all, necessary to ensure 
stable conditions. The machine must have practically reached 
its final temperature, so that no more energy should be di¬ 
verted from the cooling air for heating up parts of the ma¬ 
chine. On the other hand, precautions must be taken to en¬ 
sure that the flow of air is as far as possible uniform and 
that the temperature of air remains constant, as a variation 
in temperature of cooling air, during the test, as a result of 
a change in temperature conditions between inlet and outlet, 
would impair the accuracy of the measurement of heating 
of air. 

The following have to be determined:— 

1) the amount of cooling air per second and its weight. 

2) the rise in temperature of air as it passes through the 
generator. 

The Oerlikon Company use, as a rule, for the determi¬ 
nation of the quantity of cooling air, a calibrated anemo¬ 
meter. This method of measurement presents several advan¬ 
tages over that where a nozzle is utilised and the results 
obtained are as accurate as readings of a water column of 
a few mm. on a nozzle. The mode of measuring the flow of 
air by means of a nozzle is based on the assumption that 
the outlet velocity in the nozzle is perfectly uniform. Such 
conditions can only be obtained by taking certain precau¬ 


tions (by providing a settling chamber and a screen in front 
of the nozzle); this can, however, also affect, to a certain 
extent, the actual cooling conditions, and consequently, the 
light load losses depending on them. For the measurement 
of air by means of anemometer, an extension, with parallel 
walls, is mounted on the upper air outlet of generator; this 
extension is further provided with internal guide vanes per¬ 
pendicular to each other, which ensure, as far as possible, 
a parallel and rectilinear flow of air. Even with these vanes, 
the outlet velocity is not uniform at the upper end of the 
extension. In view of this, the top opening is sub-divided 
into a number of sections equal in size and approximately 
square, by means of wire stretched across; the outlet velo¬ 
city is then measured in each of these squares by means of 
the anemometer. Measurements are made successively in 
each section for a period of exactly five seconds and the sum 
of the readings is divided by the total number of seconds. 
For determining the specific weight, it is still necessary to 
measure the temperature of the escaping air and the baro¬ 
metric pressure. 

The specific weight is given by the following formula:— 
P 


7 = 


RxT 


, where P == barometric pressure in mm. water gauge, 

R = constant for gases = 29.27, T = absolute temperature. 

The heating of air is measured electrically by means of 
thermo-couples. In this connection, use has been made for 
many years, of a very accurate method, whereby it is pos¬ 
sible to obtain directly, by means of a single reading,, the 
average value of the difference in temperature between inlet 
and outlet. For this purpose, thermo-couples are provided 
in each square and arranged in such a way that one joint 
is in a square of inlet opening and the other joint in a 
square of outlet opening. These thermo-couples (usually 
about 10 in number) are themselves connected in series 
as shown in Fig. 2. In this way, two advantages aie 
secured. On the one hand, the deflection on the instrument 
is, in the case of 2x10 joints, 20 times greater than with 
individual readings; that is to say, the accuracy of reading 
is greater. On the other hand, the average value between 
the temperatures at both inlets and the outlet temperature is 
obtained by means of a single reading. By taking, succes¬ 
sive readings, it is easy to ascertain whether the final tem¬ 
perature of machine has been reached or whether the tem¬ 
perature of air is still rising. The illustration on the front 
page shows the arrangement of thermo-couples for the full 
load test of a turbo-generator; the loading reactances used 
in this connection can be seen in the background. The ad¬ 
ditional thermo-couples, which are also visible, serve For 
other purposes (study of local heating and losses). In ordei 
that the readings should not be affected by the long- and 
numerous connections, the thermo-E. M. F. alone, without 
thermo-current, is measured by the compensation method. 

The question of accurate determination of temperature 
by means of thermo-couples is dealt with, in a very exhaust¬ 
ive way, in the article on “Thermo-couples and their ap¬ 
plication in connection with the measurement of differences 
in temperature” by A. Schnetzler in the “Bulletin de 1’Asso- 
ciation Suisse des Electriciens” No. 11, 1925, where full par¬ 
ticulars will be found regarding the matter. We only propose 
to give here the calibration curves used by us for copper- 
constantan thermo-couples. The curves in Fig.3 show the cor¬ 
rection to be made according to the temperature of the cold 
joint of thermo-couple, as it is a well-known fact that mea- 
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surements by means of lhermo-couples are somewhat affect¬ 
ed by the value of that temperature. The actual difference in 
temperature is thus given by the following expression:— 

Emicrovolts x 1000 


At °C 


Ct, 


When several thermo-couples are connected in series, 
as in the case of the present arrangement for the determi¬ 
nation of the average difference in temperature of cooling air, 
the value obtained for E is to be divided by the number of 
thermo-couples in series. The energy carried away by the 
heated air is then given by the following expression:— 

Lt : Ql x y x At x c P x 4.189 in kW, where 
Ql — quantity of air measured by means of the anemometer 
in cu. m./sec., y = specific weight at outlet, cp = specific heat 
of air at constant pressure ----- 0.258, 4.189 — electro-mechani¬ 
cal equivalent of heat. As 0.238 / 4.189 — 1, the expression 
assumes the simplified form: Lt in KW —Ql x y x At. 

In addition to this, there is still the inherent energy ol 
the escaping air at outlet due to its velocity v LA ; it is given 
by the expression below: 


with considerable accuracy once the internal reactance of 
generator and the iron losses have been measured at about 
normal pressure. 

We are giving below two examples which show the 
difference in value between the efficiency obtained by the 
loading at power factor zero method and the ordinary me¬ 
thod, respectively:— 

1) Size 1264, 5200 KW, power factor =0.8, 6500 kVA, 
6500 volts, 5000 RPM. 

Loading at P. F. = 0 method 

6500 kVA, P. F. = 0 
including radiation 
Bearing friction 


Excitation, P.F. 

P. F. - 


0 55 kW 
= 0.8 33 „ 
22 „ 

Iron losses,P.F. =0 100 kW 
P. F. = 0.8 92 „ 

8 kW 


322.0 kW 
24.0 „ 

346.0 kW 


Ordinary method 

No-load (73+24 kW) 97 kW 

Iron losses (6500 volts) 79 „ 

Short-circuitlosses(577amps.)137 „ 
Excitation 33 „ 


346 kW 


30 


Lv in kW 


Ql x y x v- LA i 


= 94.27 »/„ 

5n16 


—30.0 kW 
A16+ kW 


5200 

5546 


--- 93.75 -«/d 


2g 


x _ _, where 102 kgm/sec-1 k W. 
102 


This amount is, however, usually very small (less than 
Vn% of the total energy measured) so that it can be neg¬ 
lected. There is also the heat radiation and heat dis¬ 
sipated by the casing. In order to cover this heat loss, 
an allowance is usually made ol 8—10 watts per sq.m, 
surface of heated casing and 1 0 C difference in tem¬ 
perature between casing and air. I he amount in que¬ 
stion is, as a rule, about 1—1.5% ol the total losses 
and can easily be calculated. 
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Fig 3. Calibration curves of a copper-conslantan thermo-couple. 

2) Size 1296, 18750 kW, power factor = 0.8, 23 400 kVA, 
6600 volts, 3000 RPM. 


Fig. 2. Diagram of connections of thermo-couples. 

It is further necessary to determine separately the losses 
due to bearing friction. The value ol these losses can easily 
be derived from the quantity ot oil and heating of lhe latter. 
The method outlined above for the measurement of losses 
is, of course, applicable for the determination of efficiencies 
at' partial loads; it can also be used for measuring the losses 
when calculating the efficiencies in the ordinary way. 

It is still necessary to deduct the following quantities 
from the losses at full load and power factor = o:— 

1) Excess in excitation between full load at power fac¬ 
tor = o and full load at the desired power factor. This amount 
can easily be calculated very accurately. 

2) Excess in iron losses in stator laminations, owing to 
the internal E. M. F. being greater at full load and power fac¬ 
tor— o, than at full load and the desired power factor.. This 
value, which is of no great account, can. also be.determined 


Loading at P. F. 

23400 1<VA, P. F. = 0 
including radiation 
Bearing friction 


= 0 method 


Excitation,P.F.-= 0 168 kW 
P. F.—0.8 112 „ 

56 kW 

Iron losses,P.F. = 0 167 kW 
P.F. = 0.8 159 „ 

8 kW 


724.0 kW 
66.0 „ 
"790+ „ 


Ordinary method 

No-load (214 + 66 kW) 280 kW 

Iron losses (6600 volts) 144 „ 

Short-circuitlosses(2050amps.)237 „ 
Excilation jjj » 

773 kW 


18750 


64 . —64+ kW 

726.0 kW 


19 476 


= 96.27 % 


18750 
19523 1 


: 96.03% 


We guarantee the efficiencies, when determined by the 
loading at power factor zero method, with a tolerance of 
10% of the total losses measured. When the efficiencies are 
calculated by. the ordinary method, as laid down in our Con¬ 
tinental Standards, the tolerances given in these Standards 
apply; the latter allow for a difference in efficiency ot at 
least 1% for efficiencies above 90% and also.for a tolerance 
of 10% of total losses measured, for efficiencies below 90%. 
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Notes and News Items. 

Traction motors for the 22 freight locomotives, type 
C n Ca of the Spanish Northern Railway. In Bulletin No. 
65 of November 1926, mention was made of the order receiv¬ 
ed from the Cia. de los Caminos de Hierro del Norte, for 22 
freight locomotives. We now propose to give a few details 
regarding the results of tests carried out on the motors 
(Figs 1—2) of the first locomotives. All guarantees, such as 
could be checked at these tests, were found to be fully satis¬ 
fied, while the conditions stipulated with regard to capacity 
of plant and commutation were considerably improved upon. 
The following are the figures laid down in the specification 
for the performance of motors at a pressure of 1550/3 volts, 
the conditions of operation, being governed by the Rules of 

the A. I. E.E. (1925 Ed.). u 

Continuous rating One-hour rating 


Output at wheel rim 
With full field and at a speed of 
Corresponding tractive effort 
Corresponding current 
Maximum speed 


202 (275) 250 (340) KW (HP) 

21.9 20.8 m.p.h. 

4620 6160 lbs. 

500 620 amps. 

56 m.p.h. 


The characteristics of motors given in Fig. 3 are based 
on measurements; they represent the average values ob¬ 
tained for the first 12 motors and coincide over their whole 
length with the calculated curves. Although a pressure of 
only 1350/3 volts was stipulated, tests were also carried out 
at 1350/2 volts, in view of the possible operation of motors 
at the latter pressure later on. The curves obtained for 1350/2 
volts are plotted in Fig. 4. The values for continuous and 





one-hour rating, obtained from the healing tests are given 
below:— ^ 

Continuous rating One-hour rating 

Pressure at motor terminals 1350/3 1350/2 1550/3 1350/2 volts 

rnrrpnt 545 480 715 580 amps. 

Output at wheel rim 220(300) 295(400) 280(580) 353(480) KW (HP) 
With full field and at a speed of 21.1 33 5 19 6 31.6 m.p.h. 

Tractive effort at wheel rim 5200 4400 7150 5590 lbs. 

The conditions of operation laid down for the overload 
tests were 900 amps at 1550/5 volts with 62 7 2 °/o field cur¬ 
rent, during 1 minute, with the motor warm. On the test bed, 
the ’motor °was subjected continuously to a current of 900 
amps at 1350/5 volts with 62 l /-»7 0 held current for 10 minutes, 
starting cold; during these trials, the healing only reached 
about 60% of the maximum permissible value. In order to 
test the commutation at increased pressure, the motor was 
run with a load of 570 amps, at 800 volts, i. e. at 1.8 times 
nominal pressure. Throughout all these tests, the commuta¬ 
tion was entirely sparkless. Even when the current was rais¬ 
ed to 1200 amps, at nominal pressure, there were no traces 
of sparking. The complete motor weighs 6720 lbs; this gives 
a weight of 30.3 lbs, and 22.7 lbs. per KW for the continuous 
rating, or 24 and 18.9 lbs. per KW for the one-hour rating. 
The corresponding weights per lb. tractive effort at the peri¬ 
phery of armature are 4.84 and 5.72 lbs., or 3.52 and 4.4 lbs. 
Considering the fact that motors for “tram suspension” have 
to be of very substantial construction, it will be seen from 
the above figures how advantageously these machines have 
been dimensioned and to what a degree every part has been 
utilised. 
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Figs. 1—2. Views of traction motor of the Norte locomotives, without gears. 


0 200 4 00 600 800 Amp. 

Vi, vs, vs = Speed, in m.p.h. \ for 100,75 and 62 , /a°/° 

Z., Zs, Za = Tractive effort at wheel rim, in lbs./ excitation, respectively. 

■r] = Overall efficiency (motor and gears), in °/o. 
p = Motor output at wheel rim, in KW. 

Figs. 3—4. Measured characteristics at 1350/3 and 1350/2 volts per motor, 

respectively. 
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No. 77 — November 1927 


Erection shops of the Oerlikon Company with locomotives for the Swiss Federal Railways in the course of erection 


The New Traction Motors for the Single-phase Express Locomotives 
with Individual Drive of the Swiss Federal Railways. 


The express locomotives now being supplied by the Oer¬ 
likon Company to the Swiss Federal Railways (see also 
Fig. 1) are fitted with a new type of motor which had to be 
evolved to meet the special conditions imposed for the equip¬ 
ments in question. The task of designing these motors was 
in no way an easy one, as these machines had not only to 
be suitable for mounting on the standardised locomotive 
frames and to be interchangeable with existing motors, but 
had also to have, as far as possible, the same characteristics 
with regard to speed, current and tractive effort and at least 
as large an output as these machines. 

*) See Oerlikon Bulletin of January 1925, September/October 


The motors had to be guaranteed for a one-hour rating 
of 545 KW at 550 RPM and 580 volts, and for a continuous 
rating of 480 KW at 560 RPM and 570 volts. When designing 
the new motors, use was made of the same theoretical and 
constructional data as in the case of the last series of single- 
phase equipments on the freight locomotives type Ce b /8*)> 
for instance. In view of the excellent performance of the latter 
plant, there was every reason to hope that equally good re¬ 
sults would be obtained with the new machines. 

These expectations have been entirely fulfilled, and the 
tests have shown that the many requirements were fully 


1926 and March 1927. 
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satisfied. The chart in Fig. 2 permits of the comparison of 
calculated and measured speeds for 190 and 580 volts. Fig. 5 
is the vector diagram of pressures and currents of trans¬ 
former and motor, based on the results of tests for the one- 
hour rating. It has been possible, by increasing artificially 
the inductivity of stator winding, to obtain with the new mo- 


gard to immunity from flash-overs, in the event of fluctua¬ 
tions in pressure, the current was suddenly switched on and 
off, at all outputs and speeds. During these switching ope¬ 
rations, the sparking was of a perfectly harmless nature and, 
in most cases, hardly visible. The efficacity of the equalis¬ 
ing conductor too was tested by raising the brushes of one 



Fig. 2. Comparison between calculated 
and measured speeds. 

(1) calculated for 385 volts 

(2) measured at 580 volts 

(3) calculated for 192 volts 
pt) measured at 190 volts 

(5) limit of sparkiess commutation 

(6) and (7) Current for one-hour and 

continuous rating 



kW 

BOO 


Fig. 3. 

Current and pressure 
vectordiagram of trans¬ 
former and motor for 
one-hour rating. 
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U(, ef — light load pressure and pressure drop of transformer 


U m = terminal pressure of motor 
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Er = rotation E.M. F. 

e , e = pressure drop in the rotor, compensation, 
main pole and interpole windings, respectively 


12.4 


24.8 


37.2 49.6 62 m.p.h 


e i’ e 2’ 


'm 


= motor current 


. ,1 = current in the interpole winding and non-inductive 
4’ 5 


interpole shunt, respectively 
<p t< cp m = phase displacement in transformer and motor, 
respectively 


Fig. 4. Continuous rating, (1) accord¬ 
ing to the Rules of the Swiss Federal 
Railways, (2) according to the Rules of 
the International Electro-technical 
Commission. 

A guaranteed continuous output 
B guaranteed one-hour output 


tors, which are designed with distributed compensation wind¬ 
ing, nearly the same pressure drop as with the existing mo¬ 
tors, where the compensation winding is concentrated on 
the commutating poles. This is a very important condition, 
as, during the starting process, the starting current, and con¬ 
sequently, the tractive effort of motor, for a given pressure 
step, are governed by the pressure drop. 

Owing to the very effective cooling arrangements on 
these motors, a continuous output, reaching 95% of the one- 
hour rating, could be attained at the tests. The curve in Fig. 4 
gives the maximum permissible values of output in accord¬ 
ance with the Rules of the Swiss Federal Railways (1915 
A. I. E. E. Rules for stationary machines) in function of the 
speed. When determining these outputs, the heating of mo¬ 
tors was measured, in the three different ways, by thermo¬ 
meter, increase in resistance and thermo-couples, and the 
most unfavourable values taken. The points A (continuous 
output) and B (one-hour output) represent the guaranteed 
outputs. The chart also gives the maximum permissible va¬ 
lues of output according to the Provisional Rules of the 
International Electro-technical Commission 1926 (C. E. I.), 
the continuous output arrived at, in this case, being 960 
HP at 52.5 m. p. h. Fig. 5 gives the characteristics of mo¬ 
tor, with pressure drop in transformer taken info account. 

For the commutation tests of motors, use was made of 
carbon brushes, 9 mm (.35 ") and 15 mm (.51 ") wide. Except 
at starting when the 9 mm carbon brushes gave rather better 
results, the performance was the same with either type of 
carbon brush. The limits within which commutation was 
sparkless are indicated in the chart in Fig. 2. 

After all these heating, starting, overspeed and other 
tests, the commutator did not show the slightest sign of de¬ 
formation of any kind. In order to test the motors with re- 



Fig. 5. Characteristics of motor, taking into account the pressure 
drop in transformer. 


v = speeds for the different secondary pressures of transformer (constant 
primary pressure, 15000 volts) 

Z = tractive effort at wheel rim, excluding losses in gears 
V — efficiency without gears at 380 volts, including losses in shunt 
of interpole winding 
cos f — power factor at 380 volts 

of the brush supports, while running with a load correspond¬ 
ing to the one-hour output. During this test, the little spark¬ 
ing that occurred was so slight as to be hardly visible; on 
the other hand, there was no noticeable increase in heating 
of equalising conductor, as compared with normal operation. 
With a view to testing the mechanical strength of motor, the 
latter was not only subjected to an overspeed test at 1060 
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RPM. corresponding to 77.5 mph, but was also run with fully plied with the latest Provisional Rules of the International 
twice the current corresponding to the one-hour rating; even Electro-technical Commission, the motor developed an output 
under such conditions, there was no dangerous sparking nor of 1500 HP. at wheel rim at a speed of 28.5 mph. correspond- 
trouble of any kind. In the case of the latter test, which com- ing to a tractive effort of 16700 lbs. 


On the Arrangement of Main Brake on Winders. 


There are two principal ways of arranging the main 
brake on winders and on lifting gear of cranes:— 

(1) ; The brake can be made to act on a brake drum fitted on 
the high speed motor shaft or on a shaft direct coupled to it. 

(2) The brake can be applied directly on a brake drum on the 
shaft of winding drum or on a brake rim provided on the latter. 

During braking, the gear wheels have to deal with a re¬ 
tarding torque; this, therefore, gives rise to increased tooth 
pressure. In the present study, we propose to see in which 
of the two cases the tooth pressure is smaller ; in other words, 
we wish to find out which of the two arrangements affords 
the greater safeguard against breakage of teeth. We give 
below a list of the various symbols used in connection with 
our calculations, and set out the assumptions upon which 
the latter are based. Fig. 1 shows the general arrangement 
of the gear in question. 

A — Energy of the moving masses; J = Moment of inertia 
a — Angular velocity; v— Speed of load; 

M = Total mass of parts having a linear motion; L = Load 
s — Slowing down path measured along pitch circle 
of gear wheel 

h = Slowing down path of load 

j m> j f = Moment of inertia of all bodies revolving at the speed 
of shaft m and A respectively 
Aj, Ao = Braking work; Z,, Z> = Total tooth pressure 
(A,, Zj refer to the case where the brake is on 
the motor shaft and A 2 , Z 2 to that where the 
brake is on the shaft of winding drum) 

D = Diameter of winding drum 
d — Diameter of pitch circle of gear wheel 
« m , 6> t Angular velocity of shaft m and t, respectively 
7/ s Efficiency of rope 
7/ t == Efficiency of winding drum 
v m - Efficiency of motor shaft and reduction gear 
In order to simplify the study, we have assumed 
that the slowing down curve is a straight line. 

Energy of rotating masses A IH 


Energy of load A 
Total energy A fot = 


TLh ( 


-j- when lowering 


vering \ 
isti n g- / 


when hoisting 

■ + ^l ± u 


1) Brake on the motor shaft. The gear wheel 

transmits the work: 

M v — It ut" 

A, = -V- 7 S V t ± Lh V s Vt + -V- v t 


f-R 


Fig. t. 






Fig. 2. 


Figs. 1 and 2. Sketches showing general arrangement 
of electric winders. 



Fig. 3. Electric winder with 2 grooved drums. 
Useful load 1.8 tons, winding speed 13 ft/sec. 


2s s 2s 

Mv 2 ?/ s ?a +Jm 2 ?/t LD 
Z i=—^ 


h:s — D:d 


2) Brake on the shaft of winding drums. The gear wheel 

J cj m 2 

transmits the work: A 2 = - -g — vm ; hence :Z 2 = 


vm ; hence :Z 2 = 
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We shall now give two examples relating to equipments 
installed. 

1) Winder according to sketch in Fig. 2. — Useful load 

L = 1800 kgs. Dead weight per load side of rope = 2100 kgs. 
v = 4 m/sec. D = 2 m. Speed of motor = 575 RPM, of winding 
drums = 59.2 RPM. M = 610 (masses of both load sides of rope). 
Jt = 250; Jm =7.12; =4.1; «m = 60 

Vs = 0.98; i]t =0.98; vm = 0.94; d =1.872 m 

a) Braking during hoisting. 

Braking time a / i sec.; h = 1.5 m; s = 1.4 m. 

Brake on the motor shaft: 

From 1) 

„ 610 x 4 2 x 0.98 2 +250 x 4.1 2 x 0.98 1800x2 AaQ2 _ oa , nir „ 

2 t =-^T4 072 = " /UK * 

Brake on shaft of winding drums: 

From 2) 

0.94 = 8600 kg; Z z =2.9xZ l 

i 2 x 1.4 - 

b) Braking during lowering. In view of the greater load 

during lowering, the value of s is increased so as to reduce 
the stresses in rope as far as possible. s = 2.6 m. 

Brake on the motor shaft: 

From 1) 

„ 610x4 2 x0.98 2 +250x4.1 2 x0.9S , 1800x2 Ano „ A A9Mr „ 

Z 1 =- 3^6 -+T872' 0 - 98 ’ =4430kg 

Brake on the shaft of winding drums: 


From 2) 

Zo = 7 'l 2 l 6 ° 2 x 0.94 = 4620 kg; Z, = 1.04 x Z, 

£ 2x2.6 - 




Fig. 4. Electric crab for a load of 10 tons. 


Notes and News Items. 

New order for locomotives for Spain. In Bulletin 
No. 65 we referred to an order received from the Spanish 
Northern Railway Co. for 22 large D. C. locomotives, the 
latter being required in connection with the electrification of 
the Barcelona-Manresa and Barcelona-San Juan de las Aba- 
desas sections of their system. The one-hour rating speci¬ 
fied was 2040 HP. at wheel rim, at 20.5 mph, and the con¬ 
tinuous,, rating 1650 HP. at 21.7 mph. with a pressure of 1550 
volts at overhead line. It was further laid down that the lo¬ 
comotives were to be of the C 0 C 0 type, and to be fitted with 
one motor per axle and with regenerative braking equipment, 
the motors being arranged for'“tram suspension”; finally, 
the maximum speed was fixed at 56 mph. 

Since then, the Spanish Northern Railway Co. have de¬ 
cided to convert to electric traction a further section of their 


II) Winder also according to sketch 2. — Useful load L = 500 
kgs. Dead weight per load side of rope = 665 kgs. v = 5 
m/sec. D = 0.8 m. Speed of motor = 720 RPM, speed of 
winding drums = 67.5 RPM. 

M = 186; Jt =14.5; Jm = 0.575; ut = 7.06; w m = 75.5. 

Vs = 0.98; vt = 0.98; vm = 0.94; d=1.2 m. 

a) Braking during hoisting. 

Braking time V 2 sec.; h = 0.75 m; s = 1.12 m. 

Brake on motor shaft: 

From 1) 

„ 186 x 5 2 x 0.98 2 +14.5 x 7.06 2 x 0.98 500 x 0.8^ nQQ , 

Z l~ 2x1.12 1.2 ‘ ^ 

Brake on shaft of winding drums: 

From 2) 

Z 2 -5~J|^x°.94 - 9 00 k g; Z, = 1.26xZ, 

b) Braking durin g lowering. The value of s is increased 

as for example I). s —1.77 m. 

Brake on motor shaft: 

From 1) 

„ 186 x 5 2 x 0.9SH-14.5 x 7.06 2 +0.98 500x0.8 g2 __ Q701 

Z t~ 2x1.77 + 1.2 ‘ 8 

Brake on shaft of winding drums: 

From 2) 

Z„ = 0.57B * _75£ 3 x 0.94 = 568 kg; Zo = 0.585 x Z x 

z 2x1.77 - 

From the two examples, it can be seen that the tooth 
pressure is smaller for the arrangement with brake acting 
on the motor shaft, when it is a question of braking during 
hoisting; this is, however, normally the case with such winders. 

For the conditions of operation, very seldom encounter¬ 
ed, where the full load is lowered at full speed, the contrary is 
the case, as shown by example II; this means that it is pre¬ 
ferable, with regard to stresses in the teeth, to arrange the 
brake on the shaft of winding drum. It is, however, not pos¬ 
sible to base on these two examples any rule of general ap¬ 
plication, as the tooth pressure depends upon various con¬ 
structional data, such as moment of inertia, braking path, 
etc. These two examples, chosen at random, show, never¬ 
theless, that the arrangement adopted by us with brake on 
motor shaft represents the best solution of the problem, as 
with the winders in question it is actually only when hoist¬ 
ing that the full load has to be dealt with. 

Whenever the legislation governing the use of plant for 
winding men stipulates a brake on the shaft of winding drum, 
the best arrangement is to build this brake merely as an 
emergency brake and to fit the main brake for normal ope¬ 
ration on a shaft directly coupled to the motor shaft as 
described above. 


system, namely, the Irun-Alsasua section (65 miles) which 
forms part of the very important line from Paris to Madrid 
and Lisbon. In view of the excellent results obtained with the 
electrical equipments for the first order, during the tests car¬ 
ried out at Works, the 15 locomotives required for the Irun- 
Alsasua section have also been ordered from the Oerlikon 
Company; these are to be of exactly the same design as the 
former ones. The Oerlikon Company have thus 57 locomo¬ 
tives now in hand for the Spanish Northern Railway Co. 
The tests in question have shown that the requirements in 
specification have in part been greatly exceeded (see notes 
regarding tests on motors in Bulletin No. 76); the locomo¬ 
tives are, in fact, capable of developing, with a terminal pres¬ 
sure of 1500 volts, a one-hour output of 2500 HP. correspond¬ 
ing to a tractive effort of 41,800 lbs. at 22 mph — both mea¬ 
sured at wheel rim. 
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The Generating Plant at the Vernayaz Power Station 
of the Swiss Federal Railways. 


The Vernayaz hydro-eleclric generating station forms 
part of the group of power stations of Western Switzerland 
owned by the Swiss Federal Railways, of which it is the 
most important installation. This power development utilises 
the water of the Eau Noire and of the Trienf, as well as that 
of the artificial lake created in the large basin at the head 
of the Barberine valley. The power house itself is situated 
at the fool of the steep mountain slopes behind the village 

of Vernayaz (Lower Valais). 

This installation, when fully developed, will be equipped 
with six generating units. Five of these are three-bearing 
sets, each consisting of a 19300 HP. turbine operating un er 


a head of 2000 ft. and running at a speed of 333 1 / s RPM, 
direct coupled to an 11000 KVA single-phase generator. The 
sixth set is of the four-bearing type and comprises a turbine 
coupled on one side to an 11000 KVA single-phase gene¬ 
rator, and on the other side to a 14000 KVA three-phase gene¬ 
rator. The latter machine is for industrial purposes and sup¬ 
plies to private works the surplus energy available at the 
power station. For the initial equipment of this installation, 
the Oerlikon Company have supplied two single-phase gene¬ 
rators and the three-phase generator; the, latter was put into 
regular service on the 8th April 1927 and the two single-phase 
generators on the 26th August 1927. 


Fig 1 Machine room of Ihe Vernayaz power station with the two single-phase generators, 11000 to 14000 KVA, 535'h 
,5000 !oVesoo volt." aydes. for traction purposes. In the foreground, and the 14000 KVA three-phase generator the background. 
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In view of the fact that the plant had to be capable of 
developing the above continuous and maximum outputs at 
any pressure between 15000 and 16500 volts and at a speed 
5% below normal, the windings of generators, as well as 
the exciters had to be dimensioned accordingly. On the other 
hand, in order to save as much room as possible in the 
building in the longitudinal direction, while leaving sufficient 
space between the units to permit of easy dismantling of 
plant, it was necessary to reduce the axial length of gene¬ 
rators as much as possible. For this purpose, the stator bore 
was increased so as to be able to decrease the width of core, 
and a more compact arrangement was adopted for the air 
inlet bends; in this way, it was possible to make the length 
of generators 5 ft. less than in the case of the single-phase 
generators supplied in 1921 and 1925 for the Amsteg power 
station (see Bulletin No. 6,1921), in spite of their larger capacity. 


12 coils. In order to facilitate the insertion of winding into the 
slots, which have a depth of 5 inches, the coils are built in 
halves; the half-coils are joined together so as to form com¬ 
plete coils only once they have been placed in the slots, U- 
shaped connections being used for the purpose. For the in¬ 
sulation of coils in the slots, heat-resisting mica preparation 
alone is used. In order to reduce the eddy current losses, 
the conductors are split up into a number of layers which 
are linked up in such a way as to ensure cyclic permutation; 
the conductors are separated from each other by a layer of 
micanite, 5 mm. thick. The winding in the slot is enclosed 
in a pressed-on seamless sheath, 5 mm. thick. The ends of 
coils projecting beyond the insulating sheath, which are di¬ 
rectly subjected to the stream of fresh air, are insulated by 
means of several layers of impregnated paper tape. Alter 
the coils have been completely insulated, all the air is ex- 


1 

Fig. 2. Partly wound stator quarter in the erection pit. 


Fig. 3. Complete rotor with side fans. 
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Single-phase generator for traction purposes. The main 
data for which the machines are designed and on which the 
calculations are based are as follows:— 


Normal continuous rating 
Maximum rating during l 1 / 2 hours 
Peak load for ten minutes 
Speed 

Terminal pressure 
Frequency 
Power factor 
Runaway speed 

Test pressure for stator winding 

Pressure up to which no corona effect may occur 

Efficiencies:— At P. F. = t 

Full load ’ 93.8% 

Half load 90 % 

Flywheel effect 


11000 KVA 
14000 KVA 
17100 KVA 
333% RPM 
15000 ± 10°/o volts 
16 2 /a cycles 
0.75 
630 RPM 
39000 volts (r. m. s. value) 
30000 volts (r. in. s. value) 

at P. F. = 0.75 
92.7 1 % 

89.2% 

1135 tons at 1 foot radius 


The sectional drawing in Fig. 6 shows the general ar¬ 
rangement and main dimensions of generator and exciter 
of the two single-phase units; these two sets can be seen, 
in the foreground, in the front page illustration. 

The stator is divided info four quarters* for transport 
reasons. The cast-iron casing is of very substantial design; 
it rests on two detachable feet and on four rollers arranged 
under the casing. Once the feet have been removed the whole 
stator can be turned about its axis on the rollers, and any 
repair required on the lower half of stator carried out. Fig. 2 
represents a partially wound stator quarter in the erection 
pit. The iron core is sub-divided into 18 packets about 2 1 /*" 
wide; it is secured to the casing by means of strong end 
plates and two rows of insulated steel bolts running through 
the core. The stator winding is arranged in open slots; it is 
former wound and made up of six groups, each consisting of 
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iractecl from the winding and impregnation carried out by a 
special process. 

Special attention has been paid to the design of the sup¬ 
ports of the ends of coils wilh a view to rendering them se¬ 
cure against the effect of short-circuits. As can be seen from 
Fig. 2, the ends of coils are held axially as well as tangen¬ 
tially by means of numerous bronze saddles and bolts, which 
are in turn secured to the casing and insulated from 'it by 
means of strong tubes of resinous paper. It has been pos¬ 
sible by isolating the metallic supporting structure from the 
casing and by making special arrangements in the slots to 
ensure that no traces of corona effect are visible, in com¬ 
plete darkness, when applying a test pressure of 39000 volts 
(r. m. s. value). 

At two points of the slator, where the highest tempera¬ 
tures are to be expected, provision has been made for re¬ 


cores. These feet are also of special forged Siemens-Martin 
steel; they are fixed in the slots by means of steel wedges 
with cylindrical section. 

In accordance with the usual practice for single-phase 
generators, the pole pieces are built up of steel laminations, 
1 mm. thick. The individual laminations are threaded on 
dove-tailed wedges, secured to the pole core by counter¬ 
sunk cheese-head screws, and pressed together by iron 
end-plales. Each pole piece has 22 semi-closed slots for tak¬ 
ing damping conductors of drawn copper; these are of sub¬ 
stantial design and soldered at both ends to copper rings 
also amply dimensioned (see Figs. 3 and 4). The squirrel 
cage winding thus formed serves to reduce effectively- the 
pulsating A. C. Field of stator. 

The field coils on the poles are of bare copper strip 
wound on edge. They are built as double coils, that is to say, 



sislancc couples; the latter arc connected to the switchboard 
through protective transformers and thus give, without danger, 
indications as to the temperature in the winding. 

Details of the design of rotor are given in Figs. 3 to-5; 
the rotor comprises a spider with six arms on which are 
shrunk live seamless forged rings of special Siemens-Martin 
steel, machined on all sides.‘In order to ensure a good in¬ 
ternal ventilation of field coils, the rings are separated from 
each other by an air space about l 3 /./ 7 wide. Six milled sur¬ 
faces on the periphery of rotor rim serve as seats lor the 
pole cores. The poles themselves are secured to the rim by 
means of claws inserted into round slots, according to the 
well-known method patented by the Oerlikon Company. The 
necessary slots are cut out in the rotor rim under the seal 
of pole core and carefully calibrated. Into these slots are in¬ 
serted, from the side, the corresponding claws or feet of pole 


each consists of two coils arranged one inside the other and 
separated by an air space; in this way, a very effective tool¬ 
ing of field coils is ensured. In order to prevent the sagging 
of the sides of the coils parallel to the axis, as a result of 
the centrifugal force, two supporting wedges of bronze are 
fitted between each pair of poles; these supports are secured 
to the rotor rings, by means of steel bolts. 

The rotating part of generator and turbine rests on three 
bearings, two of which form part of the generator. The gene¬ 
rator bearing, on the turbine side, has thus to carry, in ad¬ 
dition to ihbout half the weight of rotor, the greater part of 
the weight of the Pelton wheel and the thrust of the water 
jet. Each bearing is arranged for automatic ring lubrication 
and the bearing bushes are cooled by means of water cir¬ 
culating in copper coils embedded in the white metal. The 
temperature of bearing bushes and the circulation of cooling 
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Pi g. 7 . Machine room of the Vernayaz power station with the three-phase machine in the foreground, and the single-phase generators, 

for traction purposes, in the background. 


generator pressure is regulated exclusively in the shunt of 
exciter, by means of a quick acting regulator. 

The total weight of generator and. exciter amounts to 
219 tons, of which the stator represents 114 tons and the 
rotor 79 tons. 

Apart from the usual tests such as determination of the 
characteristics and measurement of the individual losses, the 
rotor complete with side fans was subjected to an overspeed 
test at 650 RPM. when a peripheral speed of 394 ft. per se¬ 
cond was attained. 


rators. In order to have foundations of a uniform type, the 
same arrangement is adopted for bearings of this lighter 
generator as in. the case of the single-phase machines. The 
generator is also fitted with distance thermometers, while a 
carbonic acid fire extinguisher equipment is likewise pro¬ 
vided in the air ducts. 

The total weight of the three-phase generator with ex¬ 
citer .is 119 tons, of which the stator represents 52 tons and 
the rotor 46 tons. 
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water can be checked at any time, by means of instruments 
provided for the purpose. In order to reduce the bearing 
currents, the pedestal of bearing on.the exciter side, as well 
as the cooling water pipes are insulated from the base plate. 

As the generators are totally enclosed, provision had 
to be made in the foundations for fresh air and warm air 
ducts; the latter are so arranged that, in winter, the warm 
air can be led either entirely or in part into the machine room 
for heating purposes. An automatic carbonic acid fire ex¬ 
tinguisher equipment is provided in the air ducts which, in 
the event of fire occurring in the winding, closes the ad¬ 
mission of fresh air at once, and saturates the remaining 
air in generator with carbonic acid, with the result that the 
fire is immediately extinguished. 

The exciter is overhung at the end of the generator shaft; 
it is a standard shunt wound dynamo with interpoles. The 


Three-phase g enerator for industrial purposes. The most 
important constructional data of this machine are given below. 

Normal rating I*®®® 

Maximum rating for V* hour 4% JA 

Terminal pressure 10000 ± 10 ° /(! V ° 1 , ‘ S 

Frequency 50 

Power factor ‘ 

Runaway speed 

Test pressure of stator winding 23000 volts (r.rn.s. value) 

Pressure up to which no corona efFect may occur 15000 volts (r.rn.s. value) 
Efficiency At P. F. — 1 At P. F ~ 0.75 

Full Toad 96.5 % 95.5 /„ 

Half load 94.8% 94.0 /„ 

Flywheel effect 847 16ns at 1 ft ‘ radius 

The design is similar to that of the single-phase gene¬ 
rators described above and is generally in accordance with 
the usual practice of the Oerlikon Company for large gene¬ 
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